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Abstract 
This dissertation was written as a part of the MSc in Energy Systems at the Interna-
tional Hellenic University. The aim of this Thesis is to analyze the waste vehicle tires’ 
issue in European Union and Greece. The pyrolysis and gasification methods will be 
discussed more extensively, in order to examine through SWOT analysis the possibility 
of constructing a pyrolysis – gasification plant in our country. 
Apart from that, the bibliographic research examines the relevant legislative frame-
works in European Union and Greece and highlights the differences in the policy im-
plementation between leading countries, such as USA, Japan and Europe in general. 
Finally, in order to achieve a complete overview upon this environmental issue, all the 
recycling and treatment methods will be presented and discussed. 
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1 Introduction 
1.1 The waste tires’ management problem. 
The environmental degradation accompanied with the energy crisis are two of the 
most crucial problems that mankind has to solve in the future years. 
These problems have their origin in many different factors, from rapid industrialization 
and growing population to average standard of living upgrading. 
As a result, the demand for new products is always growing, and this trend has two 
different consequences.  
Firstly, as the present generations consume far more than those in the past, they con-
sequently need far more raw materials for new products. 
Secondly, the amounts of end-of-life products which become waste are growing too, 
posing the problem of developing and applying advanced treatment and management 
technologies, through which waste could be managed. This need makes imperative the 
use of appropriate methods for raw materials’ recovery and energy saving.   
For these reasons, waste that been generated should be treated through an effective, 
environmental friendly and prudent way, in order to alleviate a part of the above men-
tioned situation. 
Among various solid wastes that been generated, an end-of-life product which demon-
strate special characteristics and demand special treatment are waste vehicle tires. 
Due to its’ specifity, this type of solid waste demands managing through special meth-
ods, otherwise it could become very hazardous for the public health and the environ-
ment in general and as a result the waste tires’ disposal and management problem is 
one of the most important environmental issues. 
Largely, this problem owes its origin to two different factors, the growing vehicle pro-
duction which boosted tires’ production and consumption, along with the lack of an 
appropriate legislative framework, able to define and pose specific regulations. 
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During the last years, and after the implementation of relevant legislative acts, end-of-
life tires are been considered not only as a waste difficult to be treated, but also as an 
energy source, due to their high energy potential.  
For this reason, many managing technologies have been developed, having the aim of 
both minimizing the environmental impact of this waste and exploit the special prop-
erties of this waste (high calorific value, reuse and recycling for new products).  
 
1.2 Purpose of this Thesis. 
This Thesis has the aim to analyze the waste tires’ disposal and managing issue in a 
global scale, focusing especially on the situation in Greece.  
Finally, it aims to examine the possibility - scenario of applying two specific treatment 
methods (Pyrolysis and Gasification) in our country, in industrial scale. 
1.3 Significance of this study. 
Through this study, an overview on the global waste tires’ issue is attempted, through 
which the current situation of our country is anticipated to be examined. Also, the evo-
lution of the Greek managing system and the trends that determine the future of this 
sector are aimed to be identified, in order to understand the current status quo.  
  -5- 
 
              2   Legislation  
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2.1 European Policy Scope. 
Nowadays, the wastes’ disposal and management issue is one of the most important 
and urgent problems globally. Having the protection of the environment as a priority, 
the European Union applied several legislative frameworks, having the aim to control 
the wastes’ stream properly and treat them in an environmental prudent and sustain-
able way.  Sustainability is the driving force in every legislative act, because as it was 
mentioned before, due to the current way of living (over-consuming, over-exploiting of 
energy and natural resources),   
2.2 Legislation in the European Union. 
Due to the fact that waste tires demand special treatment, and having the aim of a 
prudent, integrated and environmental friendly (sustainable) way of managing, the Eu-
ropean Union has elaborated many specific Regulations and Directives, in order to 
achieve these goals. 
Through this way, it tries to indicate the preferred way of management to each Mem-
ber State, as well as better monitoring and control is achieved.  
 
The main legislative acts are presented below: 
 
 Directive 75/442/EEC on Waste Management: According to this Directive, end-
of-life tires are been classified as non-hazardous waste.[1] 
 Directive 91/156/EEC, through which various provisions of the previous Di-
rective were modified.[2] 
 Regulation 259/93/EEC for the monitoring-supervision and control of the 
trans-border shipment-transportation of waste.(3) 
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 Directive 1999/31/EU about waste disposition and landfilling. According to 
this, landfilling of whole and shredded waste tires is prohibited since July 2003 
and July 2006 respectively.(4) 
 Formation of the European Waste List 2000/532/EU. Waste tires are sorted 
with the code «16 01 03», which means that they are not classified as hazard-
ous waste.(5) 
 Directive 2000/53/EU for the End of Life Vehicles. This Directive indicates that 
it is obligatory the tires to be disassembled - dismantled from each end of life 
vehicle.(6) 
 Directive 2000/76/EU for the incineration of waste. This Directive indicates 
the maximum acceptable emission standards for the cement industries which 
use waste tires as an alternative energy source-fuel, starting in 2002.               
Also, it is prohibited for cement industries with old cement kilns to use waste 
tires from the year 2008. From December 2008, new provisions apply to ce-
ment kilns co-incinerating waste including end-of-life tires. The cement kilns 
currently burning ELT in Europe are already complying with this Directive.(7) 
 European Thematic Strategy on prevention and recycling of waste (COM 
(2005) 666 final). Provides a holistic analysis of the major achievements in the 
waste management area for the past 30 years. It stresses a need to further de-
veloping approaches for the determination of best environmental options and 
for the setting of targets for recycling and recovery of waste, taking into ac-
count the differences between products and materials and the possible alter-
native. Finally, it encourages the principle of producer responsibility - strategy 
proactively applied by the tire manufacturers since late 90’s in anticipation of 
the European Union regulatory requirements.(8)  
 Revised Waste framework Directive 2008/98/EC. This Directive sets the basic 
concepts and definitions related to waste management and lays down waste 
management principles such as the “polluter pays principle”* or the “waste 
management hierarchy”**. It also introduces the concept of end of waste, by 
which selected waste streams could cease to be considered as waste if they 
comply with end of waste criteria. As it is considered from the legislative acts 
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presentation, the European Union demonstrates a really strong determination 
in order to implement a holistic waste tires’ management planning.  
Through these acts, strict goals and standards are defined, as well as detailed 
obligations are imposed to each Member State.(9) 
 
2.3 Legislation in Greece. 
In Greece, until some years ago, there was a lack of an appropriate legislative frame-
work which could arrange the used tires’ disposing and managing issues properly.      
As a result, our country was subjected to intense criticism and high fines on behalf of 
the other Member States.  
This inappropriate legislative framework was based on the following legislative acts: 
 
 Sanitary Disposition E1β/301/1964 “For waste collection and pre-treatment”. 
This measure indicates the technical standards on waste management and pro-
vides the technical directions on landfilling in Greece.(10) 
 Law 1650/86 “For the protection of the environment”. Through this law, the 
basic directions on waste management were determined, taking into account 
all the parties involved, in local and broader level.(11) 
 Interministerial Decision 69728/824/96 “Measures and terms on solid waste 
management”. Through this decision, waste managing bodies were defined. 
The local government bodies (municipalities) were the competent body for the 
waste tire management, which cause many problems such as differentiations in 
the planning from area to area and limited monitoring capability. Due to the 
fact that there was a lack on the legislative framework and mainly because the 
European Directives were been complied in a very limited scale, our waste tire 
management planning was poor and inefficient. As a result, we used to dispose 
these special wastes in landfills, a practice which leads to minimizing of landfills 
lifetime and criticism on behalf of the European Union. So, in order to achieve 
the European goals, the following laws were been applied, and our country 
conformed to the European Directives.(12) 
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 Law 2939/2001 “Packaging and alternative management of packaging and 
other products”. According to this, (article 4) the National Agency for the Alter-
native Management of Packaging and Other Products established.                   
This Law harmonized the national legislative framework with the European     
Directive 94/62/EEC.(13) 
 Joint Ministerial Decision 29407/3508/2002 “Measures and terms for the san-
itary landfill of waste”. According to this act, it is prohibited to dispose waste 
tires, whole or shredded into landfills. In a few words, through this decision the 
European Directive 31/99/EU is been adopted to the national legislation.(14) 
 Presidential Decree 109/2004 “Measures and Rules for waste vehicle tires’ al-
ternative management”. This Decree is the fundamental statute regarding to 
the waste tire management. It describes in details all the rules and conditions 
under which the managing body should work. Also, the liabilities and duties 
that the waste tire managers should have are specifically determined and final-
ly, the way of monitoring / controlling and providing the operation certificate 
to the managing body is described.(15)   
 Ministerial Decision 106157/2004, Government Gazette 1145B/28-07-2004. 
Approval of the “ECO-ELASTIKA” alternative waste tires’ management collective 
system as the only certified managing body in Greece. This decision had 6 years 
duration.(16) 
 
*Waste management hierarchy: The waste management hierarchy refers to the steps 
through which waste management is planned. More specifically, these steps represent 
different management strategies and are classified according to their desirability. The 
hierarchy in European Union has 5 different steps: Reduce, Reuse, Recycle, Recovery 
and Disposal. Despite the fact that this hierarchy has taken many other forms during 
the past, the basic concept has remained the cornerstone for the most waste minimi-
zation strategies. The aim of this concept is to achieve the maximum benefits from 
products and to generate the minimum amount of waste. (17)  This concept is presented 
on the following figure:  
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Figure 2.1.Waste management hierarchies (Wikipedia).(17) 
 
**Polluter Pays Principle: According to this fundamental principle, each party is re-
sponsible for the pollution that been generated, should pay for the environmental 
damage done. This principle defined in Principle 16 of the Rio Declaration on Environ-
ment and Development and it is regarded as a regional custom, due to the strong sup-
port it has received in most Organization for Economic Co-operation and Development 
(OECD) and European Community (EC) countries.  
This principle underpins several measures and acts such as ecological taxation         
(taxation which intended to promote ecologically sustainable activities via economic 
incentives), which if enacted from the State, deters and reduces the emitting of Green 
House Gases (GHG).(18)  
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3.1 Definition Of Waste tires. 
Waste/scrap tire is defined as a tire that is no longer mounted on a vehicle and is no 
longer suitable for use as a vehicle tire due to wear, damage, or deviation from the 
manufacturer’s original specifications. It is a type of solid waste and this definition in-
cludes any unwanted or discarded vehicle tire, regardless of size, that has been re-
moved from its original use. For the purposes of this definition, "unwanted" means the 
original generator, owner, or manufacturer of the tire no longer wants, or is unable, to 
use the tire for its original purpose. "Discarded" means the original owner or manufac-
turer of the tire has disposed of the tire. A scrap tire is any tire that has been removed 
from its original use and includes all whole scrap tires and pieces of scrap tires which 
are readily identifiable as scrap tires by visual inspection and still contain wire. 
Apart from waste tires, vehicle tires can be further classified according to their wear, 
so the following categories have been established. 
Part-worn tire or repairable tire is defined as a worn, damaged, or defective tire that 
is retreadable, recappable, or regrooveable, or that can be otherwise repaired to re-
turn the tire to its use as a vehicle tire, and that meets the applicable requirements.  
Finally, a Used tire is this which is no longer mounted on a vehicle but is still suitable 
for use as a vehicle tire, as well as it meets the applicable requirements.(19) (20) 
 
 
3.2. Vehicle Tires’ Composition. 
Vehicle and motorcycle tires are of the most advanced products met in the market. 
Their manufacturing process demands the mixture of different materials, in very spe-
cific percentage rates, in order the final product to have the preferred characteristics. 
It is estimated that more than 100 raw materials are used in the manufacturing pro-
cess of automobile tires, including raw rubber, tire cord, carbon black, bead wire, vari-
ous compounding ingredients and extender oil, which is a mixture of aromatic hydro-
carbons, sulphur, accelerator, zinc oxide and stearic acid. Approximately half of these 
materials are chemical products based on petroleum, principally naphtha.   
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As a result, the vehicle tire industry is considered as a fully dependent on petroleum.(21) 
Usually, tire’s composition varies, depending on the vehicle that the final product is 
intended to be used. So, a tire intended to be used in a passenger car will have a slight-
ly different composition compared with a tire intended to be used in a heavy truck. 
In general, passenger car tires contain more synthetic rubber than natural rubber, in 
truck tires the natural rubber content exceeds the synthetic rubber content, while in 
the OTR (Off The Road) tires only natural rubber is present. (22) Motorcycle tires have a 
similar composition to this of a passenger car tire. 
In all the cases, the major component is rubber. Rubber can be produced either from 
natural sources, or from petroleum and natural gas. Natural rubber is predominantly 
sourced from the sap of the Hevea brasiliensis tree. (23)  
As far the synthetic rubbers concerned, the most widely used are the styrene-
butadiene rubbers, ethylene-propylene rubbers, butyl rubbers, acrylic elastomers and 
silicone rubbers. Like natural rubbers, all are polymers, synthetic rubbers are sourced 
from various hydrocarbons, which are blended and reacted under controlled condi-
tions to form the polymers.  
A typical tire rubber composition is presented on the following table: 
Table 3.1. Basic composition of tire rubber (RAC, 2004; Asplund, 1996).(22) 
Basic Composition Examples of main            
compounding ingredients 
Amount (wt %) 
Rubber Natural or Synthetic rubber 51.0 
Reinforcing agent Carbon black, Silica 25.0 
Softener Petroleum process oil,      
petroleum synthetic resin, 
etc. 
19.5 
Vulcanizing accelerator Thiazole accelerators,        
sulfenic amide accelerator  
1.5 
Vulcanizing agent Sulfur, organic vulcanizers 1.0 
Vulcanizing accelerator aid Zinc oxide, stearic acid 0.5 
Antioxidant Amine antioxidants, phenol 
antioxidants, wax 
1.5 
Filler Calcium carbonate, clay  
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 In addition to natural and synthetic rubber, tires also contain a variety of other mate-
rials, including styrene-butadiene copolymers, butyl, EPDM**, cis-o-poly-butadiene, 
aramid, steel, glass fibers, nylon, rayon, polyester, antioxidants, antiozonants, vulcani-
zation accelerators, extending oils, zinc oxide, tackifiers, stearic acid, sulfur, clay fillers, 
various pigments, and carbon black.  As a consequence of containing the above mate-
rials, tires contain a variety of chemical compounds, including those of antimony, arse-
nic, barium, beryllium, boron compounds, cadmium, calcium and magnesium car-
bonates, cobalt, copper, lead, mercury, potassium, and sodium. (24)  Exact tire composi-
tions are not known because each company keeps their composition secret. 
As a result, all data are assumptions and an average of all tires. 
A typical passenger car tire is manufactured from the following ingredients: 
1) Natural Rubber 
2) Synthetic Rubber ( Styrene – Butadiene ) 
3) Carbon Black, which is used as reinforcing agent against tire’s wear  
4) Steel, which is used to reinforce the tire’s frame 
5) Zinc Oxide (ZnO), an element which promotes the vulcanization process*** 
6) Sulfur (S), which is the most crucial element in the vulcanization process 
7) Accelerators, ingredients which promote and accelerate the vulcanization  
process. 
8) Silica Dioxide (SiO₂), which helps the tire to reach/gain  the preferred operating  
temperature 
9) Anti-oxidants, which prevent tires’ wear from solar radiation and exposure to   
ozone (O₃) conditions 
10) Fabric layers, which protect the tire against the friction with the vehicle’s rim 
 
 
 
The percentage rates of each one of the ingredients above are presented on the fol-
lowing chart:  
-16- 
 
 
Chart 3.1. Typical passenger car’s tire composition (ECOELASTIKA).(25) 
 
In order to recognize the difference between passenger cars’ tires and trucks’ tires that 
mentioned before, their typical compositions are presented on the following table. 
Also the differences between the tires intended to be used in Europe and the USA are 
presented. 
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Table 2.2. Typical composition of light cars’ and trucks’ tires in the USA and Europe 
                 (WDK 2003).(26)   
Composition USA  
(Passenger Car) 
USA  
(Truck Tire) 
EUROPEAN 
(Passenger Car) 
USA  
(Truck Tire) 
Natural Rubber 14% 27% 22% 30% 
Synthetic    
Rubber 
27% 14% 23% 15% 
Carbon Black 28% 28% 28% 20% 
Steel 14-15% 14-15% 13% 25% 
Fiber, fillers, 
accelerators, 
antiozonants 
etc. 
16-17% 16-17% 14% 10% 
Estimated     
average weight 
New 11 kg 
Scrap 9 kg 
New 54 kg 
Scrap 45 kg 
New 8.5 kg 
Scrap 7 kg 
New 65 kg 
Scrap 56 kg 
 
*** Vulcanization process: Vulcanization is a chemical process invented from Charles 
Goodyear for converting rubber or related polymers into more durable materials via 
the addition of sulfur or other equivalent elements. These additives modify the poly-
mer by forming crosslinks (bridges) between individual polymer chains. The final vul-
canized  material is less sticky and has superior mechanical properties. 
In addition to this, crosslinking introduced by vulcanization prevents the polymer 
chains from moving independently.  
As a result, when stress is applied, the vulcanized rubber deforms, but upon release of 
the stress, the article reverts to its original shape. 
Vulcanization is generally an irreversible process, similar to other thermosets and in 
contrast to thermoplastic processes (the melt-freeze process) that characterize the 
behavior of most modern polymers. The cross-linking is usually done with sulfur, but 
other technologies are known, including peroxide-based systems. 
The main polymers subjected to vulcanization are polyisoprene (natural rubber) and 
styrene-butadiene rubber (SBR), which are used for most passenger tires.  
The "cure package" is adjusted specifically for the substrate and the application.  
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The reactive sites "cure sites" are allylic hydrogen atoms.  These C-H bonds are adja-
cent to carbon-carbon double bonds.  
During vulcanization, some of these C-H bonds are replaced by chains of sulfur atoms 
that link with a cure site of another polymer chain. These bridges contain between one 
and eight atoms. The number of sulfur atoms in the crosslink strongly influences the 
physical properties of the final rubber article. Short crosslinks give the rubber better 
heat resistance, while crosslinks with higher number of sulfur atoms give the rubber 
good dynamic properties but with lesser heat resistance. Dynamic properties are im-
portant for flexing movements of the rubber article, e.g., the movement of a side-wall 
of a running vehicle tire. Without good flexing properties these movements rapidly 
form cracks and, ultimately, make the rubber article fail. 
While a variety of methods exist for vulcanization, the economically most important 
method (vulcanization of tires) uses high pressure and temperature.  
A typical vulcanization temperature for a passenger tire is 10 minutes at 170 °C, and 
this type of vulcanization is called compression molding. During this process, the rub-
ber article is intended to adopt the shape of the mold.  
By far the most common vulcanizing methods depend on sulfur, which is a slow vul-
canizing agent and does not vulcanize synthetic polyolefins. 
Even with natural rubber, large amounts of sulfur, as well as high temperatures and 
long heating periods are necessary and one obtains unsatisfactory crosslinking effi-
ciency with unsatisfactory strength and aging properties. 
Only with vulcanization accelerators can the quality corresponding to today's level of 
technology be achieved. The multiplicity of vulcanization effects demanded cannot be 
achieved with one universal substance; a large number of diverse additives, comprising 
the "cure package," are necessary.  
The combined cure package in a typical rubber compound consists of sulfur together 
with an assortment of compounds that modify the kinetics of crosslinking and stabilize 
the final product. These additives include accelerators, activators like zinc oxide and 
stearic acid and antidegradants. An additional level of control is achieved by retarding 
agents that inhibit vulcanization until some optimal time or temperature.   
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Antidegradants are used to prevent degradation of the vulcanized product by heat, 
oxygen and ozone. (27) 
 
**** EPDM: EPDM rubber (Ethylene Propylene Diene Monomer (M-class) rubber), a 
type of synthetic rubber, is an elastomer which is characterized by a wide range of ap-
plications. The E refers to Ethylene, P to Propylene, D to Diene and M refers to its clas-
sification in ASTM standard D-1418. The main properties of EPDM are its outstanding 
heat, ozone and adverse weather conditions resistance. (28) 
 
3.3. Tires’ manufacturing process. 
The vehicle tires’ manufacturing is a complex process which consists of various steps 
such as Planning and Designing, Manufacturing and finally Inspection and Testing. The-
se steps are well monitored and controlled throughout the process, in order the final 
product to provide the highest degree of comfort, performance, efficiency, reliability 
and safety.    
3.3.1. Planning and Designing. 
Many vehicle tires are custom-designed, in order to meet the stresses and perfor-
mance needs specified by the manufacturer of a particular model vehicle.  
The process begins with a computer, which converts the mathematics of the car's spe-
cial needs into specifications. A prototype tire is then made to test the tire design's 
ability to provide the desired characteristics.  
Custom-designing a tire for a particular vehicle typically takes many months of testing, 
inspection, and quality checks by the tire maker and the vehicle maker.  
This process occurs not only in custom-designed tires, but in typical vehicle tires too. 
3.3.2. Manufacturing. 
The production process begins with the selection of several types of rubber along with 
the other components such as special oils, carbon black, pigments, antioxidants, silica, 
and other additives that will combine to provide the exact characteristics preferred. A 
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machine called a banbury mixer combines the various raw materials for each com-
pound into a homogenized batch of black material with the consistency of gum.  
The mixing process is computer-controlled to assure uniformity. The compounded ma-
terials are then sent to machines for further processing into the sidewalls, treads or 
other parts of the tire.  
Then the task of assembling the tire begins and the first component to go on the tire 
building machine is the inner liner, a special rubber that is resistant to air and moisture 
penetration and takes the place of an inner tube. Then the body plies and belts, which 
give the tire strength while also providing flexibility, are placed. The belts are cut to the 
precise angle and size the tire engineer specifies to provide the desired ride and han-
dling characteristics.  
Bronze-coated strands of steel wire, fashioned into two hoops, are implanted into the 
sidewall of the tires to form the bead, which assures an airtight fit with the rim of the 
wheel. The tread and sidewalls are put into position over the belt and body plies, and 
then all the parts are pressed firmly together.  
The end result of this process is called a "green" or uncured tire. 
The last step is to cure the tire, where the "green" tire is placed inside a mold and in-
flated to press it against the mold, forming the tread and the tire identification infor-
mation on the sidewall. Then it is heated at more than 300 degrees Fahrenheit (around 
150 degrees Celsius) for 12 to 15 minutes, vulcanizing it to bond the components and 
to cure the rubber. This 12 to 15 minute curing process is for passenger and light truck 
tires only, off-road and large tires may take up at a day to cure because of their size. 
3.3.3. Inspection and Testing. 
After the previous steps, each tire is inspected for possible failures, and sample tires 
are randomly taken from the production line and tested.  Some of them are x-rayed, 
some are cut apart to look for flaws, others are run on test wheels, or road-tested. 
Through these tests, various characteristics such as handling, mileage and traction per-
formance are evaluated, and each tire is suspected to cause failure during its’ lifespan 
is driven off the production line for safety reasons.(29) 
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Figure 3.1. Typical light car’s tire in cross section.  
                     (Rubber Manufacturers Association).(29) 
 
TREAD: Provides traction and cornering grip 
BELTS: Stabilize and strengthen the tread 
SIDEWALL: Protects the side of the tire from road and curb damage 
BODY PLY: Gives the tire strength and flexibility 
BEAD: Assures an air-tight fit with the wheel 
INNERLINER: Keeps air inside the tire 
 
3.4. Tires’ Use and Wear. 
Nowadays, vehicle tires are far more advanced compared with the past and they offer 
better characteristics in terms of safety, handling, traction, comfort and mileage.  
It is estimated that in the beginning of the 20th century an average vehicle tire had a 
useful lifetime of approximately 800-1,000 km, while in the middle of the century they 
reached a mileage of approximately 10,000 km. At 1970, the typical mileage varied 
around 50,000 km, and at the present, the Rubber Association of Canada predicts that 
an average passenger car tire, if properly inflated and well-maintained has a lifespan 
which reaches 100,000 km or even higher. (22) (25) 
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Despite this considerable progress, tires do wear, and it is estimated that European 
drivers replace their tires between 3.5 years or 30,000 km and 6 years or 80,000 km 
depending on the mechanical load. (22)  
The factors which cause vehicle tires’ wear are presented below: 
3.4.1. Poor or bad vehicle and tire maintenance. (30) 
 Underinflated tires. 
If the tires are not maintained at the recommended pressure and are underinflated the 
tread flexes more than usual as the tire rotates. This type of wear can be detected in 
both sides of the tread (extremely worn sides, unworn central part). 
This accelerates tire wear, and in order to counter this effect, tire’s pressure should be 
inspected properly. 
 Overinflated tires. 
Except from under inflation, over inflation is able to cause serious wear too. 
As the previous factor, it is also caused because of bad maintenance, but it can be de-
tected in the opposite way (extremely worn central part, unworn sides), and a way to 
eliminate this effect is, as above, the proper inflation and maintenance. 
 Overload. 
When the load on a vehicle exceeds the maximum acceptable defined from the manu-
facturer, then tires wear in much smaller time, due to higher friction forces. 
 Worn shock absorbers and suspension parts. 
Tire wear can also be caused by poorly maintained or worn struts or shock absorbers. 
The vehicle’s dampers and shock absorbers help keep the tires in contact with the 
road, as they encounter bump and dips.  
Worn shocks and struts allow the wheels to bounce too much, which typically results 
in a cupped wear pattern on the tread. 
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3.4.2. Adverse conditions on road surfaces. 
Poorly maintained road surfaces and failures during the road construction are of the 
most important factors which can cause faster tire wear.  
Road surfaces with extremely harsh asphalt and / or poorly maintained asphalts with 
potholes and holes are able to wear, damage or even cut vehicle tires. 
3.4.3. Aggressive driving. 
Some driving habits, such as spinning during accelerating, hard cornering and standing 
on the brakes  (steep/harsh braking), can easily wear tires too. 
3.5. Vehicle Tires as a waste. 
After their use, vehicle tires become waste, which is sorted in the European Waste List 
with the code «16 01 03», which means that they are not ranked as a hazardous waste. 
Despite this, and due to their special characteristics and structure, waste tires dot not 
break easily in the natural environment and do demand special management.  
As it was mentioned above, they are manufactured of vulcanized rubber that consists 
of long chain polymers (Butadiene, Styrene-Butadiene, Isoprene), which are cross-
linked with sulfur bonds and are further protected by antioxidants and antiozonants 
that resist degradation. As a consequence, their notable and preferred characteristic 
during their lifespan (durability), becomes an obstacle in their degradation process.(31) 
As a result, scrap tires are a special waste stream which can cause several problems. 
 
The main problems are presented below: 
3.5.1. Environmental and Public Health problems. 
When scrap tires are disposed without control in the natural environment, they can 
cause several problems. 
Firstly, when they get combusted, they can cause serious health problems, due to toxic 
air emissions which are generated. During the combustion, which can last for months, 
or even years, due to tires’ water resist capability, harmful pollutants are produced 
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and emitted to the atmosphere, such as PAHs, Benzene, Toluene, Butadiene and Phe-
nols. (32)  
Even when the fire gets extinguished, the water used for the extinguish offers an ideal 
transportation medium for the pyrolytic oil residue which is generated, due to the 
tires’ incomplete combustion. 
If these oil residues expand and move towards adjacent areas and reach the aquifer, 
the consequences for the environment will be harmful.    
In the past, several accidental fires were reported in waste tires stockpiles, incidents 
which caused extensive pollution to the adjacent areas.  
The pictures below show two accidental fire incidents in waste tire stockpiles. 
  
Picture 3.1.-3.2. Accidental fires in waste tires’ stockpiles (ECOELASTIKA). 
 
As far the potential public health problems that may occurred from the improper 
waste tires’ treatment concerned, it has been reported in many times in the past that 
when waste tires are stocked or disposed without control, then they may become ideal 
breeding sites for many dangerous mosquitoes, snakes and rodents, some of which are 
very dangerous for the public health.  
Especially for the mosquitoes, many incidents have been reported where scrap tires 
used as breeding foci, where mosquitoes developed and expanded their population. 
In some cases too, dangerous mosquitos’ populations, such as House Mosquito (Culex 
Pipiens), Tree-hole mosquito (Aedes triseriatus) and Asian Tiger mosquito (Aedes al-
bopictus). These species are responsible for several diseases which can even cause 
death to suffered people. 
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More specifically, The Culex pipiens mosquito, which bites from dusk to dawn, is a vec-
tor of St. Louis encephalitis and West Nile virus. It becomes infected by feeding on 
birds that carry these viruses. Although these viruses affect mostly older adults and the 
immune deficient, the risk is present to the entire human population. 
The tree-hole mosquito, which bites during the day, is vector of California (La Crosse) 
encephalitis. This virus infects chipmunks, squirrels and other small woodland animals, 
while in humans, it affects mainly children.  
Aedes albopictus was brought into the United States and other countries through the 
worldwide transport of used tires. This mosquito population transmits dengue fever in 
other parts of the world, the West Nile Virus, and could become involved in the spread 
of California encephalitis. (33) (34) (35) 
3.5.2. Economic factors which promote the waste tires’ alternative treatment. 
Apart from the factors that mentioned before, several economic reasons have affected 
the scrap tires way of treating. 
More specifically, environmental/energy crisis combined with the financial one have 
managed to change the way that people treat their wastes. Nowadays, there is a clear 
focus on energy and raw material saving, having the aim of reducing environmental 
and economic impacts. As far the economic reasons concerned, a crucial factor which 
is predicted to play a significant role in the future is the raw materials’ price volatility. 
It is estimated that since 2008, natural rubber market evolutions have been large,   
rapid and apparently not always related to the traditional supply-demand scheme.     
As a result, prices evolved from 1.2$/kg in February 2009 to 6.4$/kg in February 2011. 
An internal recent overview regarding the key economic trends, market structure and 
especially the issues of financialization/speculation, has confirmed, inter alia, that nat-
ural rubber among a number of commodity products has experienced recent high pric-
es and volatility and that financialization of natural rubber and other commodity mar-
kets has had a real impact on the market. 
Price volatility is a significant factor undermining long term planning and thus has a 
negative effect on industry competitiveness.(36)  
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4. Waste tires’ treatment methods. 
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4.1. Description and categorization of the existing   
 treatment methods. 
Vehicle tires, after their usage can be used in many other purposes, either as raw ma-
terials for new end products or for energy needs as an alternative fuel. 
The special feature that they demonstrate is that, unlikely to other various products, 
tires’ recycling is a much different process than recycling any other used product.   
During the vehicle tires’ recycling, the products made from this process are not able to 
be used as raw material in the manufacturing process of a new tire, except negligible 
quantities. 
In contrary to this, these products can be used as raw materials for the creation of new 
different products, or to replace other primary materials with corresponding or better 
properties.   
The categorization of these methods is based upon two specific criteria:  
1. Purpose of the method: Recovery / recycling for new products or energy exploi-
tation (use as an alternative fuel). 
2. Tires’ size / dimensions, so they categorized to those where whole waste tires 
are used and those where scrap tires are used after shredding and granulation. 
4.2. Methods where whole waste tires are used. 
4.2.1. Retreading. 
Tire retreading and remanufacturing offers one of the best opportunities to reduce the 
number of scrap tires requiring disposal. 
This is a widespread treatment method, that is applied especially in heavy vehicles 
(trucks, buses etc.) and through which the used tires getting repaired and return to the 
market ready for further use. 
This technology is divided into two different categories: 
 Hot retreading, where the process of applying the tread material is vir-
tually identical to the production of a new tire. The tread material is 
taken directly from the extruder and applied to the buffed casing.        
Afterwards, the tread/casing assembly is cured in a vulcanization mold   
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with the required tread pattern. The pattern on the tread is formed dur-
ing the vulcanization process like it is when a new tire is made. 
The main advantage of this principle is that the tire’s sidewalls are re-
newed, ensuring that the quality of the hot retreaded tire is comparable 
with that of a new tire.(37) 
Besides, this type is addressed in cases of high tire production.    
 Cold retreading, in which a patterned and prevulcanized tread is applied 
to the buffed casing. This tread is placed, under constant tension, to-
gether with an unvulcanized bonding ply onto the buffed casing, pre-
tensioning ensures already prior to vulcanization that the tread adapts 
optimally to the tire contour and guarantees that the parts are bonded 
together as best possible while the tire is in the autoclave (curing cham-
ber). Then the prepared tire is “packed” into a curing tube (envelope) 
and cured under pressure in the autoclave. This type of retreading has 
the advantage of “flexibility”, as it does not demand special equipment. 
In both cases, through this very efficient method, big amounts of raw 
materials and energy are saved, as well as only the outer part of the tire 
gets replaced, and then the tire returns to the market and gets reused. 
So, the tire’s lifespan is getting higher, its’ initial cost per kilometer is 
less and there is no need for constructing a new tire.(37) It is estimated 
that heavy vehicle tires can be retreaded for 3 to 5 times, while the air-
plane tires even for 10 times.(38) 
Unfortunately, this method is fairly addressed only for specific vehicle 
categories (heavy vehicles, trucks and airplane tires) and is not possible 
to affect and exploit the biggest percentage rate of used vehicle tires. 
This happens because passenger car and motorcycle tires contain higher 
amount of fabric layers, than the heavy vehicle tires have, which is get-
ting worn much faster and it is not possible to be retreated through this 
method. In addition to this, these types of tires have a smoother and 
more flexible frame, which is getting worn during the tire’s use, and 
which is not able to be replaced. 
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For these reasons, this method addressed in a quiet small portion of the 
whole used tires market, and it is expected that this portion will be even 
smaller in the future, as well as new techniques in manufacturing pro-
cess extend the new tires’ lifespan.  
On the following picture, the different stages of applying the retreading method in a 
heavy truck tire are presented. 
 
Picture 4.0.1. Different stages on retreading process (Catur-putraharmonis.com).  
4.2.2. Use as stabilizers in rotten soils. 
According to this method, whole waste tires are used in order to stabilize rotten 
grounds.  
Mostly, it is used in earthmoving works, such as road construction works etc. 
The tires are packed together making a “tire bale”, and then are placed onto the rotten 
soil, in vertical or horizontal position. 
Applying this method, high stability and adequate air ventilation for the ground can be 
achieved, due to the tires’ shape which allows air transmission. 
The main drawback of this method is that it is not considered as an integrate one, be-
cause it is obvious that only a fairly little number of used tires can be managed through 
this application. (39) (40) (41)  
On the following pictures, all the process’ stages are presented. 
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Picture 4.2.-4.3. Waste tires are packed together constituiting a tires’ bale 
(ECOELASTIKA). (40) 
 
  
Picture 4.4-4.5. Waste tires’ bales are placed and then buried under the soil  
(ECOELASTIKA). (40) 
  
 
Picture 4.6. Reinforced ground in its’ final form (ECOELASTIKA). (40)  
  -31- 
4.2.3. Use of waste tires as artificial reefs. 
This method has the aim of using whole used tires in order to create a grid which will 
be sinked in the bottom of the sea. 
This structure, as all the artificial reefs, is designed to offer an appropriate hard sur-
face, where marine organisms such as algae and invertebrates (barnacles, corals, and 
oysters) can attach and create their new habitat. Usually, this method was applied for 
commercial reasons, in order to support the development of a special organism, as 
shells, oysters etc. 
The advantages of this method are the improvement of the marine life, through the 
increase of fish habitation, high durability which promotes the broad lifespan of the 
structure and the ease of configuration. 
On the other hand, this method is able to hide several dangers. 
First of all, if this structure is constructed from very old and rotten tires and not 
properly designed, it is very possible to pollute the water and the depth of the area 
where it is placed. (42)  
Also, due to sea currents, these artificial reefs can be moved, causing problems to 
neighboring areas. A well-known example of improper installation which caused many 
environmental problems is the Osborne Reef, in the coast of Fort Lauderdale, Florida. 
In that case, an artificial reef made from about 2,000,000 waste tires was constructed 
in the early 1970’s, but due to bad designation and installation failures, the tires were 
not sufficiently secured against sea currents. As a result, ocean currents broke them 
loose, sending them crashing into the developing reef and its natural neighbors. In 
2007, after several false starts, cleanup efforts began under the United States military 
surveillance. (43) 
Finally, the installation of such a structure is quiet costly, as it requires the contribution 
of experienced personnel.  
In a few words, this method although it demonstrates several advantages, it is not able 
to be characterized as an integrated one, and beside the economic benefits which are 
generated, it is almost abandoned and rarely used.  
On the following pictures, the installation of an artificial reef and some of the tires 
constituting the Osborne Reef are presented. 
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 Picture 4.7. Artificial Reef installation(43)            Picture 4.8. Underwater photo of the                
                                                                              Tires constituting the Osborne reef (43)              
                                                                              (Wikipedia)                
                                                                                                                                                                                                     
4.2.4. Use of waste tires as breakwaters. 
Another alternative management method is the use of whole waste tires as breakwa-
ters, in piers, ports’ entrances and beaches, in order to decrease the waves’ speed and 
power. 
As the structure is easily made, this method demonstrates the advantages of low con-
figuration and installation cost, the big lifespan and the nearly zero maintenance cost. 
The main disadvantage is that is focused in a very small market, so it is not able to be 
applied massively. 
For this reason, the number of tires which can be treated through this technique is 
very small and as a result it is not considered as an integrated one. (44) (45) (46) 
On the picture below, an application of this method is presented. 
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Picture 4.9. A breakwater constructed from scrap tires (ECOELASTIKA).(45) 
4.3. Treatment methods where shredded tires are used. 
This category consists of the methods which exploit used tires through a shredding 
process which is called granulation. This process can be executed in two different 
ways, so it is divided into mechanical and cryogenic granulation. 
In general, granulation is leading to marketable products, it contributes in raw material 
savings, but compared with other treating processes, it demonstrates quite high oper-
ating costs.  
In order to examine the similarities and differences between the two methods of gran-
ulation, a brief description of their main characteristics follows. 
4.3.a. Mechanical granulation.  
During this process, the waste tires are collected in the granulation plant and then they 
are driven to the shredders through conveyor belts. 
The first two steps of this process are the preliminary shredding and shredding, where 
the largest pieces of shredded tires achieved. 
If further shredding is required, then the granulation takes place, and depending the 
preferred size of the final product, the following sizes can be achieved:  
 Tire items-Granules (Size: 100mm-300mm) 
 Crumb Rubber-Powder (Size: 0.5mm-6mm) 
 Fine tire powder (Size: 0mm-0.5mm) 
 Reprocessed tire powder (Size: 0μm-50μm) 
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After the granulation, the tires are driven through magnetic devices (separators), in 
order to extract the steel contained in the product. This stage is called separation of 
tires’ metal parts. Then, the tires are driven through another separator and the fabric 
contain is removed. Finally, the above materials (steel, fabric) are collected separately. 
Through this process, a final product achieved which is able to be used in plastic prod-
ucts industry (production of various plastic products), or alternatively it can be further 
treated, in order to achieve raw material (rubber) recovery.  If the recovery of tire’s 
polymers is intended, then the granulated tires mix with water and various chemicals 
and oils and then this mixture is heated under pressure.(47) 
Through this process, break of Carbon-Sulfur bonds achieved, and as result the final 
product is nearly unvulcanised. In this case, this product is able to be used in plastic 
products industry. 
Applying this alternative process needs attention, because if the percentage of this  
recycled material in the new product production process is higher than the pure raw 
material, then there is a possibility the final product to demonstrate failures such as 
reduced strength and resistance, subordinate flexibility and faster aging and wear. 
4.3.b. Cryogenic granulation. 
As far as the cryogenic granulation concerned, this method is based on the intense 
cooling and the following crushing of used tires. 
As in the mechanical granulation, used tires are collected and driven into cutting – 
shredding, but then they get frozen through liquid nitrogen injection, in temperatures 
between -80 and -120 degrees Celsius.  
Through intense freezing, the tires are getting crystallized, so it is easier to be crushed 
into smaller parts. In the crushing process, a hummer mill is used, and after that the 
fabric and steel contain separation takes place. Then, used tires are placed in dryers, in 
order to reduce their moisture contain and to return to their initial temperature.(48) 
As it is observed, the above mentioned method has many similarities with the mechan-
ical granulation, but it is not applied and used in such a broad level, due to its’ high op-
erating cost. This cost is high, because of the use of liquid nitrogen as cooling medium. 
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In case that deeper examination and comparison between the two methods attempt-
ed, then the results show that the choice between them is lying is lying on which char-
acteristics are preferred for the final product.    
On the following table, all the parameters related to these methods are presented. 
 
Table 4.1. Comparison between Mechanical and Cryogenic Granulation processes.(48) 
Parameter Mechanical Granulation Cryogenic Granulation 
Operating Temperature Up to 120 οC Below  -80 οC 
Principle of size reducing Cutting Chopping of cryogenically 
treated tire units  
Grain morphology Rough and spongy Smooth 
Grains’ size distribution Relatively limited size distri-
bution. Limited size reduc-
tion through each step. 
Broader size range  
(0.2 mm-10 mm) in one step 
Electrical energy               
consumption 
High Low 
Liquid Nitrogen                 
consumption 
Not required 0.5 kg- 1 kg of liquid Nitro-
gen per 1 kg of used tires 
 
It is obvious that the most important factors are the electrical energy consumption and 
the freezing equipment costs.  
On the following table, all the stages of the tires’ size reducing are quoted, as well as 
the uses and the final products that we can achieve through each step. 
Table 4.2. Waste tires’ cutting processes, end uses and final products. (48) 
Method End Use – Final Product 
Pre-shredding Combustion as alternative fuel, civil engi-
neer’s works, constructions, soundproofing 
materials, landfills’ coating, soils’ stabilizers. 
Shredding Drainage and insulation constructions, fillers. 
Mechanical granulation Sports and recreational facilities, asphalting 
constructions, tiles, roofs, floors, tire con-
struction. 
Cryogenic granulation Cable coating, automobiles’ accessories, 
road signs, playground floors, tiles.  
 
On the pictures below, all the steps of the mechanical granulation are presented. 
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Picture 4.10.-4.11. Whole used tires are driven to cutting mills through conveyors  
                               (HELESI Co.).(47)  
  
Picture 4.12.-4.13. Tires’ shredding and granulated tire rubber (grain and powder) collection   
                              (HELESI Co.) (47)                     
  
Picture 4.14.-4.15. Fabric and metal contains’ separation and collection processes 
                               (HELESI Co.) (47)  
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4.3.1. Use as filler material in sanitary landfills. 
In this case, shredded waste tires are used as a substrate – coating material in landfills. 
Through this application, better air ventilation and drainage of the landfill achieved, 
and these factors can extend the lifespan of this construction. The used tires’ drainage 
ability is quite high and it can be compared with the gravel’s one, a typical material 
which is widely used for drainage purposes. 
According to this method, shredded scrap tires are placed onto the drainage mesh 
which is generally used. Approximately, the typical/mean quantity required for this 
method is around 250 tons per acre of the sanitary landfill. 
Typically, the construction zones of the landfills’ bottom (from the deepest layers to 
the upper one) are the following: 
1. Clay barrier 
2. HDPE Geomembrane 
3. Protective geofabric 
4. Drainage layer 
During this application, a construction is placed which prevents waste wrings (toxic or 
not) from affecting the deeper soil layers, the aquifer and the neighboring ecosystem. 
In general, this treatment method demonstrates favorable prospects and due to the 
large amounts of waste tires which are used, it is considered as an integrated one. 
Apart from that, the installation costs are fairly low. 
In Greece, this method is one of the most used and recently applied in the Aigeira 
sanitary landfill construction works.(49) 
 
 
The following pictures describe the stages of this method ( Aigeira sanitary landfill). 
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Picture 4.16.-4.17. Use of shredded tires in the Aigeira sanitary landfill construction 
process (ECOELASTIKA). (49) 
  
4.3.2. Use of waste tires for thermal insulation purposes. 
Shredded waste tires are also able to be used as a thermal insulation material. 
This method is applied in various cases, such as road construction works, in excavating 
works for drainage tubes construction (mainly as a filler material) and finally in build-
ings’ construction.  
Through this technique, we can replace some other more traditional materials, such as 
Extruded Polystyrene and LECA (Lightweight Expanded Clay Aggregate).  
In a few words, this method demonstrates great prospects, and its’ main advantages 
are the saving of other insulation materials (materials mentioned above), the broad 
compatibility with the current construction methods and finally the low cost.(50) 
4.3.3. Use in soundproof glazed screens. 
In this method, whole or shredded waste tires are used together with other materials 
in the construction process of special soundproof screens. 
As it is anticipated, this method will be further applied in the future, due to the fact 
that many countries require these constructions, especially in residential areas nearby 
highways.(51) 
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4.3.4. Use as a light filler material in road construction works. 
According to this method, pieces of shredded waste tires are used in road construction 
works, as a light filler material. 
This material is placed in the bottom of the area used, in order to stabilize the loose 
and unstable soil. In this application, it is better to use small waste tires pieces because 
this technique guarantees higher stability and strength during the vehicles’ transporta-
tion. 
In a few words, it is a method with favorable prospects and it is anticipated that even 
bigger amounts of waste tires will be exploited through this technique in the future.(52) 
4.4.Treatment methods where granulated waste         
tires are used. 
4.4.1. Use in road constructing/asphalting works. 
Another advanced exploitation method is the use of waste tires as an ingredient in as-
phalting construction works. 
In this case, both tire granules and tire powder are possible to be used, and there are 
two different ways of integrating the tire powder in the asphalt mix. 
The first is called wet method, where tire powder is used as a modifier of the new con-
structed asphalt, while in the second (dry method), tire powder is used as a replacing 
substance against classic inert materials. 
In both cases, the benefits achieved from applying this technique are great, because 
this modified asphalt demonstrates many important advantages. 
First of all, the grip level (adhesion) is much higher, something which reduces the aq-
uaplaning risk and finally means that this road is much safer in comparison to a non-
modified one. In addition to this, the vehicle passing caused sound level is considerably 
decreased and finally the road’s useful lifespan is much higher, because this type of 
road is not getting worn as the traditional/non-modified one. More specifically, the 
tire-modified asphalt demonstrates less sulfating phenomena that caused as a result of 
high temperatures during the summer months and less cracking phenomena due to 
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low temperatures during the winter months, in contrary with the non-modified one. 
Finally, the tire modified road has better resistance against worn, in terms of transmis-
sion load (load due vehicles’ transportation). Based on relative researches, it is consid-
ered that this type of road demonstrates decreased cracking phenomena, at a scale of 
164% after 2000 vehicle passages. 
On the other hand, the main disadvantage of this method is the high cost and the re-
quirement of advanced special equipment.(53) 
For these reasons, it has not been applied in a large scale and it is not considered as an 
economical viable solution. 
On the following picture, tire-modified asphalt is presented. 
 
Picture 4.18. Tire-modified asphalt (ECOELASTIKA). (53) 
4.4.2. Use In railroad constructing works. 
It is a recently applied, especially in countries abroad and quite efficient method. 
According to this, tire powder is used in railroad construction, because of its very use-
ful properties, such as lower sound level, decreased vibrations during the train pas-
sage, and finally higher railroad protection against erosion phenomena. 
Despite these benefits, this method has the drawback of being narrow spread and 
rarely used until now and to be considered as a non-integrated one, due to the small 
amount of waste tires that are exploited on its’ application. (54) 
A typical example of applying this method is presented on the picture below. 
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Picture 4.19. Railroad constructing process where waste tires’ powder is used 
(ECOELASTIKA).(54) 
4.4.3. Use in sports facilities. 
In this case, waste tires’ powder is used in synthetic football playgrounds (artificial sod 
surfaces), as well as in track tartans. 
This application provides decreased vibration, something which can protect athletes 
from harmful injuries and lower moisture level through better ventilation of the 
ground. 
More specifically in football grounds, the synthetic sod is firstly applied and after that, 
a thin tire powder layer is required to be placed onto the sod. This layer ensures and 
provides the preferred elasticity of the ground, as we mentioned above. Although it is 
a very useful method with a wide acceptance, the crucial drawback is the small num-
ber of waste tires which are able to be managed during its application.(55) 
For that reason, it is not possible to be considered as an integrated managing method.  
On the following photos, typical examples of applying this method are presented. 
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Picture 4.20- 4.21. Track tartan and football ground where waste tires’ powder is used 
                                (ECOELASTIKA). (55) 
4.4.4. Use in home ware and clothing. 
This category consists of many products that are used every day, such as synthetic 
mats and carpets, shoe soles and other products such as synthetic plastic gloves.         
In this case, the tire powder is applied in the outer surface of each product in order to 
reduce slip. It is a new managing method and as it is obvious, due to the narrow spread 
of application and the small number of tires used, it is not able to be considered as an 
integrated one.(56)  
The picture below presents a product where tire powder was applied. 
 
Picture 4.22. Synthetic mats where waste tires’ powder was used (ECOELASTIKA). (56) 
 4.4.5. Use in synthetic floor tiles. 
 Similarly to the previous mentioned methods, the special tires’ powder properties as 
elasticity, reduced vibration and non-slip are required.  
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In this application, tire powder is mixed with polyurethane, which is the main ingredi-
ent of synthetic floor tiles. The final product demonstrates quite low shear resistance 
and load rate levels and high friction level in comparison with other types of floor tiles. 
Also, the tire modified tile has same characteristics with the current used materials 
and well-structured surface, which boosts the immediate application of this method. 
The application of this technique is obvious, as well as tire modified synthetic tiles are 
already used in many playgrounds and recreational grounds, something which is 
strongly promoted from the European Legislation. 
More specifically, the European Union, through the EN 1177:1998 specification, re-
quires the use of a layer which absorbs vibrations in each playground with elevated 
recreational equipment. 
The advantage of this method is the high quality and the broad application of the final 
product, but on the other hand, the amounts of waste tires that can be exploited are 
not adequate, so the method is not characterized as an integrated one.(57) 
The following pictures present various products where tire powder was used. 
   
  
Picture 4.23.-4.26. Tire modified synthetic tiles and their possible applications 
(ECOELASTIKA). (57) 
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4.4.6. Use in various products manufacturing process. 
This category includes many different products, such as vehicles’ bumpers, waste bins’ 
wheels, hoses, tubes and pipes. Also, several other road sign products are produced 
through this method such as road signs, protection barriers and protection rails.       
During the production process, the recycled material (tire powder) is mixed with the 
pure materials in order the new product to achieve the required elasticity and 
strength. 
A typical example of this technique’s application in Greece is the HELESI Company in 
Komotini industrial area, which uses waste tires’ powder in waste bins’ wheels produc-
tion process.(58)  
On the following pictures, several tire modified products are presented. 
  
  
Picture 4.27.-4.30. Various products where tire powder is used (ECOELASTIKA).(58) 
4.5. Use of waste tires as an alternative fuel. 
Except from using waste tires for new products, they can be exploited for energy gen-
eration purposes. 
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As it was mentioned previously, end of life tires are suitable to be used as an alterna-
tive fuel in many production processes. 
Due to their physicochemical properties, the waste tires’ calorific value is adequately 
high, and in many cases higher than this of many widely used fuels. In consequence, 
there is a wide use of waste tires in many different industries as an alternative fuel. 
On the table below, the energy potential of various typical fuels are presented in order 
to be compared with the waste tires´ calorific value. 
Table 4.3. Various fuels’ calorific values (NOCA Tire reclaiming program).(59) 
Element Calorific Value 
Rubber Derivative 16.0 Btu per pound 
Coke 13.7 Btu per pound 
Bituminous Coal 12.75 Btu per pound 
Subbituminous Coal 10.5 Btu per pound 
Lignite Coal 7.3 Btu per pound 
Wood 4.375 Btu per pound 
 
From the table above, the scrap tires’ high calorific value is obvious. 
4.5.1. Combustion in paper production industries. 
This method is based on the end of life tires’ combustion in furnaces / kilns in order to 
achieve and maintain the required operating temperature. It is widely used since many 
years ago and it demonstrates several important advantages. 
First of all, through this method big amounts of conventional fuels (oil etc.) could be 
saved, as well as the industry uses a waste material instead of a pure fuel.  
Secondly, due to the high calorific value of vehicle tires’, increased efficiency achieved, 
and finally this method does not require any special modifications in the industry’s 
equipment, as the kilns are able to incinerate the tires without any other previous pre-
treatment. 
On the other hand, there is a need of constructing a storage area, where waste tires 
will be able to be stored temporarily, because the quantities needed are very high. 
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Besides this, the main disadvantage of this application is environmentally concerned, 
because there are serious drawbacks related with the tires’ incineration.(60) 
During their combustion, which is incomplete in paper pulps’ kilns, many toxic pollu-
tants are produced and released, so a crucial environmental pollution occurs. 
For this reason, this method is exposed to serious public skepticism, and it is almost 
abandoned as a harmful one. 
4.5.2. Incineration in cement industry kilns. 
This method demonstrates many similarities to the previous one, but the crucial pa-
rameter which makes the difference is the kilns’ operating temperature. 
In this case too, whole tires are driven into the kilns, and then combusted together 
with the pure fuel. In the cement industry, kilns are operating in much higher tempera-
tures, something which means that the combustion is complete and the toxic emission 
levels are far more minimized (nearly zero). 
More specifically, cement industry kilns are operating in temperatures between 1450 – 
1550 degrees Celsius, so in combination with the highly oxidative conditions prevailing 
and the adequately high residence time (4 to 12 seconds), the complete tires’ incinera-
tion is guaranteed. The process is divided in the following steps. 
Firstly, whole waste tires are driven through the conveyor into the cement kiln, where 
the combustion of the rubber takes place, in temperatures between 300 to 350 de-
grees Celsius. The rubber is completely burned until the temperature of 400 degrees 
Celsius. Then, the carbon incineration occurs up to 600 degrees Celsius, and we have 
ash material production as a combustion residue. In the following step, we have the 
tires’ steel material combustion, a step which starts at 1200 degrees Celsius. Due to 
the fact that the average kilns’ operating temperature varies between 1450 -1550 de-
grees Celsius, we can easily understand that the combustion which is occurred is com-
plete.(61) 
This application demonstrates various advantages, such as: 
1. Conventional fuel saving. Although in heavy industries as a cement industry, 
the energy demand is very high, waste tires is a very attractive alternative solu-
tion, because of their high calorific value. 
  -47- 
2. Minor or even zero additional investment in the manufacturing equipment 
needed. The residues produced during the tires’ combustion can be used in the 
cement production process (e.g. Steel is used as cement ingredient). 
3. Full compatibility with the current cement industries equipment. Each cement 
industry operates with new/technologically advanced cement kilns is able to 
use end of life tires directly, without any modification. 
Despite the advantages mentioned before, the waste tires percentage rate that can be 
used has to vary between very specific levels, up to 25 – 30 %. In other case, the new 
product’s structure and physicochemical characteristics are possible to be of minor 
quality. If this percentage is higher, then the final product demonstrates higher clotting 
time and decreased strength and resistance, so this percentage should be carefully ob-
served. Another important drawback is the need of storage areas, where waste tires 
should be stored temporarily. Finally, this method is not able to be applied in indus-
tries that use old cement kilns.(61) 
A typical example of applying this technique in Greece is the TITAN cement industry, 
which has already used waste tires as an alternative energy source, together with the 
conventional fuel mix. The waste tires’ percentage rates are very low, about 0.4% of 
the total fuel consumption, with a slight difference in the industry of Kamari, Viotia, 
where this percentage is about 1.41%.(62) (63) These rates may seem very low in abso-
lute values, but they represent huge amounts of conventional fuel, as these industries 
work in a continuous (24/7) pace. Also, the fact that in our country this method is ap-
plied in a pilot scale until now should be taken into account, so a significant increase of 
the waste tires’ quantities which will be exploited through this technique in the future 
is anticipated. 
A country which is considered as a leader in applying this method is Japan, where big 
quantities of end of life tires that generated annually are treated through this way.(21) 
In the past, the main drawback was the fear and the skepticism expressed on behalf of 
many people, because this method has many similarities with the incineration in paper 
production industry kilns. 
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Issues like the above were solved through the European Legislation, especially the   
Directive 2000/76/EU which determines in details the operating specifications for old 
and new cement industries. 
4.5.3. Combustion in kilns for energy generation. 
This method has already been applied in many countries abroad, and according to this, 
scrap tires are used as a fuel in electric energy power plants. It is considered as an in-
tegrated managing method due to the large number of tires that been exploited and 
the significant energy benefits achieved. In addition to this, if the energy plant uses 
technologically advanced equipment, then the emissions and the environmental im-
pact in general are very low. 
The most important factor in industries like this is the payback period, the time needed 
to recover the initial cost. Because the equipment needed and the operation costs are 
very high, the payback period is very wide, as well as the time that the industry be-
comes profitable. Also, a significant drawback is the people’s skepticism and negative 
attitude, in relation to the public safety and environmental impact that an energy plant 
can affect. Finally, as in the previous methods, a temporary storage area is needed to 
be constructed, something which affects negatively the total investment cost.(64) 
4.5.4. Dry Distillation 
This method is based on the incineration of waste tires in combined conditions, in both 
air absence and presence. 
The process is taking place in a two-zone burner and the final products are oil, natural 
gas and carbon. 
In the first zone (dry distillation zone), the tires are driven into the burner and then 
they get thermolyzed in the absence of air. In the second zone (combustion zone), the 
tires are driven to the bottom of the burner and then the combustion takes place in 
the presence of air. Then, we remove all the residues left from the base of the kiln, and 
after that we collect the carbon from the mix produced. Oil and natural gas produced 
can be exploited as fuels. 
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This method has already been applied in industries such as metal foundries, but it is 
not accepted widely, due to the high costs needed for removing and treating the resi-
dues (ash, incomplete combustion residues).(65) 
On the following table the fuels produced during the dry distillation process are pre-
sented. 
Table 4.4. Product yields during waste tires’ dry distillation.(65) 
Fuel Type Quantity produced Calorific value 
Oil 0.33 l / kg 7900 kcal / kg 
Natural Gas 0.5 – 0.8 Nm*3 / kg 2000 – 3000 kcal / Nm*3 
Carbon Black 0.13 kg / kg 7200 kcal / kg 
Tar 0.19 kg / kg 6800 kcal / kg 
Steel 0.033 kg / kg                   - 
 
4.5.5. Combustion in waste treatment plants. 
In this case, end of life tires are treated through incineration, together with other 
wastes in waste treatment units. 
These units treat domestic wastes via combustion them and generate electric energy. 
This method demonstrates several advantages, such as the full compatibility with the 
currently used fuel (waste) and mainly the increased efficiency and power generation, 
due to the high calorific value of the waste tires. 
The main disadvantage of this method is the danger of an accidental fire, because of 
the very high temperatures prevailing in the kiln, much higher than the typical operat-
ing temperature.    
In our country, there is no application of this method, as well as waste incineration has 
not been applied yet. (65) 
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4.5.6. Gasification. 
Another important treating technology is the gasification process. 
Gasification is defined as a process that utilizes a reactive agent such as air, oxygen 
(O2), hydrogen (H2), or steam/water. It tends to have a slightly higher temperature 
range than pyrolysis, with the resulting products being primarily gaseous in nature.  
Usually, typical gasifiers operate at temperatures between 700° and 800° C.(66)  
Gasification of organics occurs in an atmosphere that contains a little amount of       
oxygen, but not enough to support complete combustion.  
More specifically, the process is occurred at operating conditions between the com-
plete absence of oxygen and stoichiometric (i.e., sufficient oxygen to complete the ox-
idation reaction). This method involves drying and pyrolyzing a feedstock, and oxidizing 
the solid char to heat the reaction and provide carbon monoxide (CO) to the gas. 
It is a partial oxidation process, where steam reacts with the solid char in an endo-
thermic (i.e., heat-consuming) reaction, producing gaseous carbon monoxide and hy-
drogen. 
The thermochemical process for gasification is more reactive than for pyrolysis.  
While gasification processes vary considerably, the initial step, devolatilization, is simi-
lar to the initial step in the pyrolysis reaction. Depending on the gasification process, 
the devolatilization step can take place in a separate reactor upstream of the gasifica-
tion reaction, in the same reactor, or simultaneously with the gasification reaction. 
This process leads to end products such as solid (solid char), gas, and liquids.(67) 
A supplementary important factor is the stockpile area construction, where scrap tires 
can be stored until their use, in order to avoid public health dangers. 
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4.5.7. Pyrolysis. 
Pyrolysis or thermolysis is defined as the chemical decomposition of organic materials 
by heating in the absence of oxygen or any other reagents, except possibly steam.  
This process takes place in hermetically sealed, indirectly heated rotary kilns, which 
chemically convert and to produce gas and coke. (68) 
Pyrolysis is an endothermic process (a process that requires energy input) that induces 
the thermal decomposition of feed materials without the addition of any reactive gas-
es, such as air or oxygen.(66) 
The thermal energy used to drive the pyrolysis reaction is applied indirectly by thermal 
conduction through the walls of a containment reactor.  
Pyrolysis typically occurs at temperatures between 400° and 800° C. As the tempera-
ture changes, the product distribution (or the form of the product) can be altered. 
Lower pyrolysis temperatures usually produce more liquid products and higher tem-
peratures produce more gases. The speed of the process and rate of heat transfer also 
influences the product distribution. Slow pyrolysis (carbonization) can be used to max-
imize the yield of solid char. This process requires a slow pyrolytic decomposition at 
low temperatures. Rapid quenching is often used to maximize the production of liquid 
products, by condensing the gaseous molecules into a liquid.   
Hydrogen or steam can also be used in the pyrolysis process to change the makeup of 
the product distribution. Hydrogen can be used to enhance the chemical reduction and 
suppress oxidation by the elemental oxygen in the feedstock.  
As a result of pyrolysis of waste tires the following products are obtained: high energy 
gas, hydrocarbon oils, char and steel. The ratios of the first three products depend on 
process conditions, mainly on temperature. 
The high energy gas may be utilized as a source of energy for the pyrolysis process.  
The pyrolytic oil may be used as a fuel independently or mixed with diesel fuel in dif-
ferent ratios. The char after additional processing may be used as a carbon black sub-
stitute or precursor of carbon adsorbents.(67) 
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A typical pyrolysis flow chart is presented below. 
 
 
 
 
Chart 4.1. Typical waste tire pyrolysis flow chart (NIUTECH ENERGY Ltd.). (69) 
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In conclusion, all the possible ways to treat the waste tires’ stream and the relevant 
data are presented on the following table, in order to make the comparison between 
them easier and more accurate. 
Scrap Tires 
 
Primary Products Secondary     
Value-added     
products 
Vulcanized Tire 
Rubber                                         
Tire derived 
oil 
Combustible 
Gas 
Tire derived 
Carbon Black 
Steel Wire 
Refined fuel 
oil 
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Table 4.5. Waste tires’ treatment methods, potential applications and final products 
(NOCA Tire reclaiming program).(41) 
Potential Uses Advantages Disadvantages Marketable Prod-
ucts 
Artificial reefs Increases fish habita-
tion, long life, ease 
of configuration. 
Costly to install, may 
move. 
Reefs. 
Breakwaters Perform well,         
durable, low cost 
Limited number of 
tires used 
Breakwater. 
Construction Perform well, Low 
cost. 
Limited number of 
tires 
Retaining walls, ero-
sion control, crash 
attenuation, struc-
tural fill material. 
Crumb rubber Marketable com-
modity; reclaims raw 
material; marketable 
applications 
High cost. Crumb rubber. 
Rubberized asphalt Longer wear; Noise 
buffer. 
Mixed test results; 
requires special 
equipment; not 
proven economical. 
Asphalt. 
Sealants Proven effective Limited number of 
tires used. 
Roof/road sealant. 
Railroad crossings Proven effective; 
Reduces supply. 
Limited number of 
tires used. 
Railroad crossings 
Sport surfaces Better surface; 
Lessens impact. 
Limited number of 
tires used 
Running tracks; 
Playgrounds 
Stampings Proven effective Limited number of 
tires used; not eco-
nomical; fragmented 
market. 
Dock bumpers; farm 
machinery rollers; 
pipe rollers. 
Soil additives Improves soil quality; 
improves air circula-
tion. 
Limited number of 
tires used; fixed sales 
for compost. 
Tire chips. 
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Sheet goods Proven effective. Limited uses; limited 
number of tires 
used. 
Floor mats, carpet 
pads; mud guards 
Molded products Wide variety of uses Saturated market. Truck bed liners; 
pots, buckets, etc. 
Tire retreading Historically proven; 
reduction of supply 
Declining market. Retreaded tires. 
Dedicated whole tire 
boilers 
Completely disposes 
tire; produces ener-
gy; appears envi-
ronmentally clean. 
Long pay-back peri-
od; community ac-
ceptance; new boiler 
construction; re-
quires large stockpile 
for continuous use. 
Energy. 
Municipal Solid 
Waste/Waste to  
Energy (MSW/WTE) 
Reduction of supply; 
compatible with ex-
isting fuels; can 
boost Btu content 
Limited use; tires 
may burn too hot; 
limited MSW/WTE 
facilities. 
Energy. 
Pulp/paper plants Reduction of supply; 
compatible with ex-
isting fuels; can 
boost Btu content. 
Limited use; increas-
es air emissions; re-
quired stockpiles. 
Energy. 
Utility boilers Reduction of supply; 
compatible with ex-
isting fuels. 
Requires stockpiles; 
increases air emis-
sions. 
Energy. 
Cement kilns Reduction of supply; 
compatible with ex-
isting fuels 
Requires clean TDF 
and stockpiles. 
Energy. 
Fluidized bed boilers Reduction of supply; 
compatible with ex-
isting fuels. 
Requires clean TDF; 
requires stockpiles; 
increases air emis-
sions. 
Energy. 
Pyrolysis Minimal 
environmental 
impacts anticipated. 
Unproven markets; 
Requires stockpiles. 
Oil and combustible 
gas; carbon black. 
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4.6. Current situation analysis. 
Given the data expressed before, a review on the current situation in Greece and glob-
ally in general will be executed. 
Except from European situation analysis, this study will also focus on two countries as 
examples, USA and Japan, because they are considered as leaders in waste tires’ alter-
native managing methods. 
Finally, our country’s situation will be discussed thoroughly, having the aim of predict-
ing the situation in the future. 
4.6.1. Current situation in Europe. 
According to the stats, it is estimated that about 3 – 3.5 million tons of scrap tires are 
disposed annually in the Europe of 27 Member States.(70)  
In 1989, the European Tire & Rubber Manufacturers Association (ETRMA) having the 
aim of a prudent, efficient and economically viable management of these amounts of 
tires, set up a Used Tires Group dedicated to the management of end of life tires under 
the strategic guidance of the ETRMA’s Tire Steering Committee.  
This Group is composed of experts from the main tire manufacturers producing in Eu-
rope, such as Apollo Vredestein, Bridgestone Europe, Continental, Goodyear Dunlop 
Tires Europe, Hankook Tire Europe, Marangoni, Michelin and Pirelli Tire. 
Also, the main national rubber manufacturers such as Febelplast (Belgium), SNCP 
(France), RMAF (Finland), WDK (Germany), Federazione Gomma Plastica (Italy), NVR 
(The Netherlands), APIB (Portugal), Consorcio (Spain), SGI (Sweden), BTMA (Great Brit-
ain) joined this scheme.(71) 
In general, ETRMA represents 4200 companies in Europe 27, employing 360,000 em-
ployees, while its’ annual turnover exceeds 49 billion euros. The ETRMA‘s activity co-
vers all the Member-States, plus candidate countries, such as Turkey. (70)   
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The aim of Used Tires Group is: (71) 
1. Promote the environmentally and economically sound management (recovery 
and recycling) of end of life tires in those countries where tires are still diverted 
to landfill, and proactively pursue Producer Responsibility with a dedicated fi-
nancing scheme 
2. Provide the necessary assistance in EU Member – States in the achievement of 
the provisions of the EU Landfill Directive for end of life tires from 2006. 
3. Promote the principle that end of life tires are a resource that can be used in a 
wide array of applications. 
4. Propose a “downstream management” for tires coming from end of life vehi-
cles. 
5. Develop procedures to ensure that end of life tires exported do not go into ille-
gal reuse. 
4.6.1.a) Management systems in Europe. 
In Europe, each Member State has the obligation to be in compliance with the EU leg-
islation in transposing the Directives into local (national) legislation. 
They are free to choose and set the initiatives and the manner through which they will 
be able to reach the European posed targets. 
In order to achieve this goal, three different schemes have been established, and each 
country has to choose the most suitable among them. 
These schemes are presented below: (71)  
 Producer Responsibility. The law defines the legal framework and assigns the 
responsibility to the producers (tire manufacturers and importers) to organize 
the management chain of end of life tires. This led to the setting-up of a not-
for-profit company financed by tire producers aiming at managing collection 
and recovery of end of life tires through the most economical solutions. A re-
porting obligation towards the national authorities provides a good example of 
clear and reliable traceability.  In addition to this, these companies are able to 
develop high-level knowledge on technologies and build up additional R&D ca-
pacities. For the end user, this system guarantees transparency of costs 
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through a visible contribution, clearly indicated on the invoices. 
This system appears to be the most suitable and robust for addressing and re-
solving end of life tire arising, in a sustainable manner for the long term, and to 
achieve a 100% recovery rate, in the most economical way.  
On the whole, both the most Member States and the European tire manufacturers 
have demonstrated a clear preference for this system and have deployed determina-
tion and commitment to take this route. Currently, this system is adopted in 13 EU 
countries, while some other EU Member States are set to follow in the near future. 
Until now, this scheme has been adopted in the following countries: Belgium, Estonia, 
Finland, France, Greece, Hungary, the Netherlands, Norway, Poland, Portugal, Roma-
nia, Slovenia, Spain, Sweden and Turkey. 
 Tax System. Under the tax system, each country is responsible for the recovery 
and recycling of the end of life tires.  
It is financed by a tax levied on tires’ production and subsequently passed on to 
the customer. This is an intermediate system, whereby the producers pay a tax 
to the State, which is responsible overall for the organization and remunerates 
the operators in the recovery chain. Countries adopted the scheme: Denmark, 
Slovak Republic. 
 Free Market System. According to this system, the legislation sets the objec-
tives to be met but does not designate those responsible. In this way all the 
operators in the recovery chain contract under free market conditions and act 
in compliance with legislation. This may be backed up by voluntary cooperation 
between companies to promote best practices. 
Countries adopted the scheme: Austria, Bulgaria, Croatia, Germany, Ireland and 
Switzerland. Although operating under a free market system, United Kingdom 
features a hybrid system as collectors and treatment operators have to report 
to national authorities. 
 
On the following table all the relevant stats about the quantities disposed during a 
year in Europe and the methods through which they are treated are provided. 
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Due to the fact that the relevant stats for the year 2011 are not yet available, the stats 
from the year 2010 are presented. 
 
Table 4.6. Total waste tires’ quantities collected and treated in Europe 27 [plus Norway 
and Switzerland (2010), ETRMA Annual report 2010-2011].(70) 
Country Used 
Tires 
Arising 
Reuse Export Retreading End of 
Life 
Tires 
Arising 
Material 
Recovery 
Energy 
Recovery 
Landfilling 
and Un-
known 
Used 
Tires 
Treated 
Austria 60 - 7 3 50 20 30 - 100% 
Belgium 82 1 2 10 69 57 17 - 106% 
Bulgaria 20 - - - 20 - - 20 0% 
Cyprus 8 - - - 8 - - 8 0% 
Czech Rep. 57 - - 2 55 9 29 17 70% 
Denmark 38 -  1 37 37 - - 100% 
Estonia 10 - - - 10 5 4 1 90% 
Finland 41 - - 1 40 40 - - 100% 
France  381 36 - 43 302 166 147 - 100% 
Germany 614 10 84 45 475 215 260 - 100% 
Greece 49 - - 2 47 27 15 5 90% 
Hungary 30 - - 1 29 15 14 - 100% 
Ireland 35 3 2 2 28 25 - 3 91% 
Italy 426 - 12 43 371 100 180 91 79% 
Latvia 10 - - - 10 5 4 1 90% 
Lithuania 11 - - - 11 5 4 2 82% 
Luxemburg 0 - - - 0 - - - 0% 
Malta 1 - 1 - 0 - - - 100% 
Netherlands 65 - 13 2 50 40 10 - 100% 
Poland 239 - - 20 219 51 168 - 100% 
Portugal 92 1 2 18 71 50 26 - 105% 
Romania 33 - - - 33 1 32 - 100% 
Slovak Rep. 23 - - 1 22 21 - - 100% 
Slovenia 11 - - - 11 6 5 - 100% 
Spain 292 31 - 27 234 122 112 - 100% 
Sweden 79 - 1 - 78 31 47 - 100% 
UK 465 44 54 32 335 224 102 9 98% 
Norway 51 1 1 - 49 38 11 - 100% 
Switzerland 37 - 8 2 27 4 23 - 100% 
TOTAL 3273 130 186 258 2699 1315 1248 157 96% 
(The values presented refer to thousand tons) 
From the stats presented, it is obvious that most of the countries have achieved the 
posed goals about waste tires’ management and they treat their quantities through an 
environmental prudent way. It is also worth to examine the evolution of this situation 
during the past, in order to predict the future trends. 
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In the past, the way that the Member States treated their used tires’ stream was not 
constant, and this scheme suffered changes and evolves, depending on various factors. 
First of all, as the environmental issues arose, they consequently managed to deter-
mine the European legislation’s orientation which became stricter. 
Secondly, there was a significant evolution in the treatment ways and methods, which 
boosted new technologies. 
These factors are able to be identified on the following chart, where the evolution of 
applied methods is presented.  
  
 
Chart 4.2. Evolution in waste tires’ treatment scheme (1994-2010) 
 (ETRMA ELT’s management edition 2007, ETRMA Annual report 2010-2011). (70) (72) 
As it can be realized through the previous chart, the trend to maximize the environ-
mental and economic benefits through prudent management is obvious. 
More specifically, the quantities treated through illegal landfilling are getting reduced 
over the time, whilst material recycling and energy recovery routes seem to get a big-
-60- 
ger share, respectively. The factor that boosted the first change is the Landfill Directive 
1999/31/EU which prohibits the waste tires’ landfilling. 
In the present days, each Member State is obliged to conform to the European legisla-
tion and treat their waste tires’ stream in an environmental friendly way. 
Member States which have not reached their goals yet, due to their systems’ immatu-
rity or ineffectiveness are supposed to do so in the next years.  
The second change occurred due to treating methods’ evolution and their gradual 
broader applying into the market. Nowadays, these methods are matured, and as it is 
predicted, these domains will continue to absorb the majority of waste tires generated 
in the future, due to further penetration of new technologies (e.g. pyrolysis, gasifica-
tion) into the market.   
The two remaining methods (Reuse / Exports, Retreading) seem to be a stable market 
without any predicted extensive change for the future.     
As far as the end of life tires collected quantities concerned, it is obvious that during 
the previous decade (2000 – 2010) a significant increase has been occurred.  
More specifically, the accurate values are presented on the following chart. 
Chart 4.3. Evolution of ELTs’ quantities recovery rate (2000-2010)  
(ETRMA ELT’s management edition 2007, ETRMA Annual report 2010-2011). (70) 
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4.6.2. Current situation in the United States.  
The United States have the highest annual waste tires’ generation. It is estimated that 
each year around 4.5 – 5 million tons (approximately 300 million tires) of waste tires 
are generated, a quantity far higher than the European market’s one. (74) 
In order to control the whole tires’ trading and selling system, the tire and rubber 
manufacturers operating in the area, established an association, similar to the Europe-
an standards. 
The Rubber Manufacturers Association (RMA), as it is called, is the national trade asso-
ciation in the U.S. for the rubber products manufacturing industry, representing nearly 
100 companies that manufacture various rubber products.  
These member companies include every major domestic tire manufacturer including: 
Bridgestone Americas Inc., Continental Tire North America, Cooper Tire & Rubber 
Company, The Goodyear Tire & Rubber Company, Michelin North America  Inc., Pirelli 
Tire North America, Toyo Tire North America, Inc. and Yokohama Tire Corporation.    
As far the waste tires’ managing issues, in 1989 the RMA member tire manufacturers 
established the Scrap Tire Management Council (STMC), a non-profit advocacy organi-
zation that operated as part of RMA. (73) 
It is worth to mention that this event was very important for the United States, be-
cause until 1985 there was a lack of a legislative framework relative to waste tires’ 
management issues. Then, in 1985, the State of Minnesota established a legislation 
frame in order to regulate and control the scrap tires’ management.  In 1986, the State 
of Oregon, and in 1990 the States of Alaska and Delaware adopted this action and es-
tablished their own legislative framework. (65) 
Despite these concerted efforts, the overall outlook of the U.S. waste tires’ manage-
ment has not reached yet the European recovery and recycling rates. 
This event caused due to various reasons, such as the policy which until now permits 
the scrap tires’ landfilling, and the very high number of scrap tires which remain un-
treated into stockpiles.  
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Especially for the stockpiled quantities, it is estimated that about 80 million of scrap 
tires remain, but if we examine the initial quantity, we will realize the effort done until 
now. More specifically, the total quantities stockpiled between 1990 and 2009 are pre-
sented on the following chart.  
Due to the fact that RMA publishes the relative stats in a biennial basis, and the 2010- 
2011 stats have not been published yet, the stats that will be presented as indicative 
of the current situation are from the year 2009.  
 
Chart 4.4. Total  waste tires’ stockpiled quantities (1990-2009)  
(RMA US Scrap tire markets 2005-2009).(73) (74) 
 
As far the total scrap tires’ quantities disposed annually concerned, and the methods 
used to treat them, the following chart presents the situation until the recent past 
(2009). 
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Chart 4.5. Total waste tires disposed quantities’ distribution (2009). 
(RMA Scrap tire markets 2009). (74) 
It is obvious that landfilling gets even now a quite big share on the whole quantities 
generated, something which should be gradually reduced. 
If this case occur in the future, a significant increase in sectors such as energy recovery 
(TDF) and material recycling is anticipated, as these domains are in growth trajectory. 
In order to examine how efficiently the USA system works, it is useful to compare the 
total recovery percentage rates during the years that it is in operation. 
The evolution of the accurate values is presented on the following chart. 
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Chart 4.6. Evolution in waste tires’ recovery rate (1990-2009). 
(RMA US Scrap tire markets 2005-2009). (73) (74) 
From the previous chart, the effort done for an environmental sound management is 
obvious, and except from the year 2009, in all the remaining years the recovery per-
centage rates were increased over the time. Also, the difference between the trend of 
methods adopted in Europe and the U.S.A and the final uses can be identified. 
The factors which cause these changes are differences in the relative legislative 
frameworks, as well as in the structure of each market. 
4.6.3. Current situation in Japan.   
Japan is in the third place globally in waste tires’ annual disposed quantities. 
According to estimations, each year about 100 million tires (1 million tons of scrap 
tires) are generated. (75) (76) 
The reason why the country’s current situation will be described extensively is not only 
the big amounts of tires’ generated, but mainly the high level of effectiveness that 
characterizes the country’s managing system. 
As in Europe and the United States, the Japanese tire manufacturers established an 
association (Japan Automobile Tire Manufacturers Association), having the aim of bet-
ter monitoring of the vehicle tires’ production, distribution and disposal issues. 
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Except from this, the association proved its sensitivity on environmental issues with its 
absolutely successful project of recording all the scrap tires’ illegal dumping areas. 
Nowadays, all these areas have been reported and an ambitious project of collecting 
these disposed quantities has been elaborated. 
The manufacturers founded this association are: Bridgestone Corporation, Toyo Tire & 
Rubber Co., Ltd., Sumitomo Rubber Industries, Ltd., Nihon Michelin Tire Co., Ltd., and 
The Yokohama Rubber Co.(75) (76) 
As far the quantities generated in the year 2010 concerned, the distribution on the 
treatment methods is presented on the following charts. 
 
 
 
 
 
Chart 4.7. Waste tires’ treatment methods distribution (2010). 
(JATMA Tire Industry of Japan 2011). (76)  
More specifically, each category consists of the following end uses: 
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Chart 4.8. Heat utilization’s categories distribution. 
(JATMA Tire Industry of Japan 2011). (76) 
 
Chart 4.9. Reuse’s categories distribution. 
(JATMA Tire Industry of Japan 2011). (76) 
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Chart 4.10. Export’s categories distribution. 
(JATMA Tire Industry of Japan 2011) (76). 
 
 
 
 
Chart 4.11. Other Uses’ categories distribution. 
(JATMA Tire Industry of Japan 2011). (76) 
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As in the previous cases, it is worth to examine deeply the whole system’s function and 
evolution in the treatment methods’ scheme. 
On the following chart, all the accurate stats are reported, in order to assess the effec-
tiveness of the system. 
 
Chart 4.12. Total waste tires’ quantities and treatments’ scheme (2003-2010). 
(JATMA Tire Industry of Japan 2008,2011) (75) (76) 
 
From the chart above, it is realized that the total waste tires generated annually vary 
around 1 million tires, without severe changes during the past years. 
In addition to this, the heat utilization route of treating (especially in paper production 
and cement industries) increases its’ share gradually, while all the other sectors seem 
to remain constant or slightly reduced over the time.  
Especially the export sector demonstrates the highest reduce among the categories 
followed by the other two sectors.   
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4.6.4. Current situation in Greece. 
As already mentioned, our country delayed a lot regarding to establishing and applying 
a legislative framework relevant to waste tires’ treatment issues. 
Due to this lack, local government bodies (municipalities etc.) were responsible about 
collecting and treat the quantities generated. As a result, this scheme did not work ef-
ficiently, illegal dumping and landfilling were used commonly, and our country was 
subjected to criticism and high fines from the European Union. 
Having the aim of establishing a complete waste tires’ alternative management sys-
tem, the 5 largest tire-importing companies in Greece established the ECOELASTIKA 
Company, in November 2002. In February 2003, the company submitted a complete 
suggestion for approval by the Committee on Alternative Management at the Ministry 
of Environment, Physical Planning and Public Works.  Finally, in July 2004, based on the 
109/2004 Presidential Decree, with the issuing of Ministerial Decision 106157/2004 of 
the Ministry of Environment, Physical Planning and Public Works, Alternative Man-
agement Collective National System was approved, and normal operation of the sys-
tem began in November 2004.(77) 
As far the ECOELASTIKA Company concerned, it is a non-profit company established 
from the main vehicle tires’ importers of the country, so the first system type (produc-
er responsibility system) adopted. In that sense, the producers bear the responsibility 
to organize the management of the end of life tires and to cover the relevant cost with 
the maximum effectiveness.  
According to the Presidential Decree 109/2004, ECOELASTIKA is the only company ap-
proved to collect, transfer, temporary store and finally recover the waste tires gener-
ated, and since November 2004 it started its program normally. 
More specifically, the company is responsible for the monitoring of the entire mecha-
nism (administration, financing of the system, recording all the relative stats and re-
port them to the State and finally negotiating and contracting agreements for the col-
lection and recycling of waste tires.) 
As the legislation determines in details (Law 2939/2001, Presidential Decree 
109/2004), importing, retailing and distributing companies are responsible for the fol-
lowing issues:  
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1. Tires’ distributors and retailers are obliged to trade tires which belong to a cer-
tified system. 
2. Tires’ importers should care about the best possible management way (energy 
recovery, recycling) of all the used tires collected annually. 
3. Tires’ dealers, where used tire replacement takes place should deliver all the 
used tires to the certified management system. 
4. Individuals should care and deliver their used tires to collection points which 
collaborate with the certified management system.(77) 
4.6.4.a) SYSTEM’S FUNCTION. 
Waste tires’ alternative management system consists of collecting, temporary storage 
and finally transportation-distribution to the final treatment points. 
Each step of this system described in details. 
 Collecting. The system begins with the used tires’ collecting from each retailing 
point (tire shops), garages, car breakers and generally every place where waste 
tires are generated. In addition to this, the system is able to receive tires from 
“owners”, such as technical companies, organizations and municipalities, fol-
lowing the signing of the relevant contract. In this way, the company exploits 
the stockpiled quantities of the past years, before the system’s establishment. 
In Greece, there are more than 3000 recorded points in the entire country.  
In case that at least 60 Category A tires, or/and 10 Category B tires, or/and 45 
Category C tires have been collected in a collecting point, then the collectors 
are called, they collect the waste tires and finally they record the accurate 
quantities collected. 
The specific Categories are formed as follows:  
1. Category A: Light passenger car tires, commercial-use vehicle tires with 
nominal rim diameter less than 17.5 inches. Also, front tractors tires are 
placed in this category, as well as industrial and elevating (forklift) vehi-
cle tires with nominal rim diameter less or equal to 12 inches. 
2. Category B: Commercial-use vehicles with nominal rim diameter bigger 
or equal to 17.5 inches, rear tractor tires, industrial and elevating (fork-
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lift) vehicle tires with nominal rim diameter bigger than 12 inches, as 
well as big earthmoving vehicle tires. 
3. Category C: This category consists of motorcycle tires, and included into 
the system since 1/6/2006. 
Each vehicle tire has a nominal rim diameter higher than 1400mm is not included into 
the previous categories and the ECOELASTIKA is not responsible for its management. 
 Temporary storage. This method has been adopted in many big cities, such as 
Athens, Thessaloniki, Patra, Kalamata, Sparti, Drama and Ioannina. 
Through this method, the company achieves the following benefits: 
1. Continuous feeding of treatment points and companies which are far 
from the collecting points. 
2. Better and more efficient sharing of the collected quantities to more 
than one treating/recovery plants. 
3. Direct feeding in cases of civil engineering works. 
4. Continuous, constant and uninterrupted operation of the system, even 
in cases when recovery plants are not in function. 
 Exploitation - Recovery. This stage takes place in licensed facilities, having the 
aim of an environmental friendly and prudent way of managing.Ten contracting 
companies cooperate with ECOELASTIKA in this field, having the priority of raw 
material, energy and fossil fuels savings. In Greece, the majority of the gener-
ated quantities treated through mechanical shredding for tire powder produc-
tion or used in cement kilns, as alternative fuel.(77) 
 
4.6.4.b) System’s target and mission. 
ECOELASTIKA has the mission of management of all the used vehicle tires that been 
generated in the country, taking into account environmental and financial criteria. 
The company’s targets are the observance of the current environmental legislation, 
the safekeeping of healthy competition in the market of recyclable products and finally 
the total absorption of the final products of the recycling in works or final products. (77) 
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4.6.4.c) System’s financing. 
ECOELASTIKA has signed agreements with vehicle and tire importers and it receives 
the relevant fee per item from each one, according to the determinations of the sys-
tem. Then, the company pays all the companies that cooperate in the system, in terms 
of collecting, transporting and final recovery. This amount of money also covers the 
company’s administrative cost, as well as the information – public sensitization cam-
paign.  
More specifically, for each one of the tire categories that been mentioned before, 
ECOELASTIKA receives the relevant fee from each obliged tire importer and retailer. 
These fees have been formed as follows: 
 
Table 4.7. Fees per tire collected and treated from the system (ECOELASTIKA).(77) 
Tire’s Category Fee 
A 0.95 €/tire 
B 5.5 €/tire 
C 0.30 €/tire 
 
 
4.6.4.d) Operation and evolution of the Greek system. 
In order to examine the volume, the origin, the recovery rates and the methods used 
for waste tires’ treatment, a holistic overview onto the entire Greek market’s size and 
trends should be executed. 
As far the quantities generated in the country concerned, the annual statistical data 
relevant to new and retreaded tires imports and exports should be examined firstly, in 
order to achieve a typical sense of our market’s size.  
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All the relevant stats are presented on the following tables. 
 
Table 4.8. Quantities of New imported tires (2001-2010).  
                 (Hellenic Statistical Authority).(78) 
Year Quantity (kg) Units (tires) 
2001 48.906.459 4.600.306 
2002 53.838.123 5.092.461 
2003 54.248.231 6.154.078 
2004 55.784.797 12.756.654 
2005 66.598.827 6.069.433 
2006 67.434.958 5.167.437 
2007 66.315.589 5.193.832 
2008 63.410.742 5.345.824 
2009 76.219.606 7.023.962 
2010 71.381.544 6.914.223 
 
 
Table 4.9. Quantities of retreaded imported tires (2001-2010). 
                  (Hellenic Statistical Authority).(79) 
Year Quantity (kg) Units (tires) 
2001 1.805.799 58.486 
2002 2.014.161 61.653 
2003 1.713.393 55.950 
2004 1.280.027 45.895 
2005 1.383.043 29.531 
2006 1.382.664 20.885 
2007 1.313.422 32.454 
2008 1.574.174 47.688 
2009 1.784.743 34.139 
2010 2.376.074 79.745 
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Table 4.10. Quantities of new exported tires (2001-2010). 
                     (Hellenic Statistical Authority).(80) 
Year Quantity (kg) Units (tires) 
2001 897.305 58.881 
2002 1.499.273 76.736 
2003 1.773.693 265.879 
2004 646.897 236.987 
2005 891.101 63.391 
2006 1.129.796 96.180 
2007 777.287 81.936 
2008 1.140.149 71.408 
2009 1.717.340 132.439 
2010 1.822.279 124.206 
 
 
Table 4.11. Quantities of retreaded exported tires (2001-2010). 
                   (Hellenic Statistical Authority).(81) 
Year Quantity (kg) Units (tires) 
2001 217.672 8.323 
2002 157.663 5.788 
2003 184.543 6.030 
2004 104.503 10.673 
2005 425.330 16.175 
2006 881.931 15.889 
2007 861.928 31.477 
2008 1.228.891 50.085 
2009 1.528.656 63.451 
2010 1.693.252 77.109 
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In order to calculate the total tires’ quantities that are used in Greece, the following 
equation should be used:  
Total Imported* tires – Total Exported** tires = Total tires used in Greece 
* Total Imported = New imported + New retreaded 
**Total Exported = New exported + New retreaded 
 
The relevant stats are presented on the following table. 
Table 4.12. Total vehicle tires generated in Greece (2001-2010). 
                   (Hellenic Statistical Authority). 
Year Quantity (kg) Units (tires) 
2001 48.009.154 4.541.425 
2002 52.338.850 5.015.725 
2003 52.474.538 5.888.199 
2004 55.137.900 12.519.667 
2005 65.707.726 6.006.042 
2006 66.305.162 5.071.257 
2007 65.538.302 5.111.896 
2008 62.270.593 5.274.416 
2009 74.502.266 6.891.523 
2010 69.559.265 6.790.017 
From the previous Table, it is estimated that the mean tires’ quantity used annually lies 
around 60,000 tons/per year.  
Respectively the quantities treated by ECOELASTIKA, since its foundation (2004) are 
presented on the following chart. 
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Chart 4.13. Total disposed and collected quantities (2004-1st Trimester 2011).  
                   (ECOELASTIKA).(82) (83) (84)  
 
From the chart above, the mean annual quantity of discarded tires is lying around 
50,000 tons, while the mean quantity collected and treated is around 42,000 tires. 
For the year 2011 no calculations and assumptions are possible to be done, as well as 
the accurate stats have not been published yet, only the collected quantity of the first 
trimester. 
The first column (Years 2004-2005) refers to the first year that the system started its 
operation, and the recovery rate (collected quantities/annual arising) is fairly low, due 
to system’s immaturity and other organizing problems. 
From then and until now, the recovery rate is always growing and the evolution of this 
trend is demonstrated on the following chart. 
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Chart 4.14. Evolution of ELT’s Recovery Rate (2004 - 2010). 
                  (ECOELASTIKA).(82) (83) 
The results that we get from the above chart show that the Greek system operates in a 
very sufficient and promising way, and despite the few years of it’s’ operation, it has 
managed to achieve the European recovery rate.  
As far the waste tires’ distribution per geographical region concerned, the following 
chart presents the quantities collected of the year 2010. 
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Chart 4.15. Collected quantities per geographical region (2010) (ECOEASTIKA). (83) 
 
An also remarkable factor is the diversification demonstrated to the collected quanti-
ties on the monthly basis. As it is observed on the following chart, a significant diversi-
fication occurs during a year, due to climatic conditions. The majority of waste tires are 
disposed and replaced during the autumn and winter months, for obvious safety rea-
sons. Most of drivers prefer to change their tires during that period, in order to be se-
cured against extensive rainfalls and adverse climate in general. 
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Chart 4.16. Collected ELT’s quantities per month (2010) (ECOELASTIKA).(83) 
 
Finally, it is worth to examine the final recovery route adopted from the Greek man-
agement system in terms of recovery. 
 The accurate stats are presented below. 
 
Chart 4.17. Breakdown of Quantities recovered (2010) (ECOELASTIKA). (83) 
From the previous chart, it is obvious that the majority of annually generated waste 
tires are treated through recycling (Shredding-Granulation).  
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It is also very encouraging the fact that the system treats recovers an even small per-
centage of the stockpiled quantities, which means continuous reduce of environmental 
impact from these untreated quantities and higher production of new products. 
4.6.4.e) Problems in Greek system. 
From the above data, it is obvious that the system operates efficiently and adequate 
results have been achieved in a fairly little operating time (2004 – 2011). 
Despite this, the whole situation in Greece demonstates various obstacles. 
More specifically, the system has to deal with three main problems. (25) 
1. Contribution of all the obliged parties in the system. 
There are several circumstances where the obliged parties (retailers etc.) do 
not fully participate in the system, and they continue to dispose illegally the 
tires that they manage. This phenomenon is able to be tackled through high 
fines to all illegal parties.      
2. Illegal disposal of waste tires. 
Until today, a small amount of the annually generated quantities is disposed in-
to landfills or burned massively. For this reason, the public sensitization is abso-
lutely essential, in order to minimize these practices. 
3. Illegal waste tires’ trading. 
It is a rarely occurred case, where some of the parties do not participate in the 
system and trade illegally the generated quantities. 
In this case too, high fines imposed to illegal parties. 
4.6.4.f) Suggestions for system’s improving. 
There are several proposals expressed from the company, in order to achieve higher 
effectiveness and better operation.  
The most important of them are expressed below: (25) 
 Motivation for new recycled rubber markets’ development. 
 Higher fines to illegal parties. 
 Better and more effective State monitoring and control of the whole system. 
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          5. Problem Definition 
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5.1 General Description. 
On this stage, two of the most emerging managing methods will be discussed and be 
evaluated thoroughly, in order to examine the viability of constructing a Pyrolysis and 
Gasification plant in Greece. 
5.2 Methodology. 
In the previous chapter, all the available waste tires’ managing technologies were 
briefly presented, and through this presentation the basic features of each technology 
were examined. Among all these methods, the Pyrolysis and Gasification method will 
be further examined due to various special reasons. 
Firstly, these methods are able to be considered as emerging methods, as they have 
not been adopted from the Greek system. 
Secondly, due to the fact that conventional treatment methods (recycling, shredding 
for new products, civil engineering works) have been already adopted from the Greek 
system, these thermal treatment methods seem as attractive alternative solutions. 
In addition to this, through these methods multiple end products can be produced, so 
the potential economic benefits should be examined.  
5.2.1. Tool of evaluation. 
The tool which will be used in this study is the SWOT analysis method, which is the 
most renowned tool for audit and analysis of the overall strategic position of the busi-
ness and its’ environment. Despite the fact that this method is mostly used in business 
planning and evaluation, it can be proved useful in evaluating methods and projects. 
The method’s structure is to evaluate the Strengths, Weaknesses, Opportunities, and 
Threats involved in a project or in a business venture. (85) (86) 
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    6. Results and Discussion 
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6.1. Waste tires’ management methods evaluation. 
In this stage, the Pyrolysis and Gasification methods will be described thoroughly and 
then the SWOT analysis will be executed in order to evaluate them. 
6.1.1. Pyrolysis. 
As already mentioned, pyrolysis is a thermal process that can be used to covert a car-
bonaceous feedstock, such as waste tires into usable end products. It consists of the      
thermal degradation or volatilization of the tires in the absence of air or oxygen, and 
the final products of this process include char or carbon char, oil, and gas. This process 
can take place in various high temperatures, from 300 to 3000 degrees Celsius, and in 
various reactors.(87) More specifically, reactors can be characterized as either vertical 
or horizontal types. A rotary kiln is an example of a horizontal reactor, while the three 
main types of vertical reactors are fixed bed, fluidized bed, and entrained bed. (66) (67) 
A typical pyrolysis flow chart is presented below. 
 
                               
                                                                                         
                       
                                                                                                                
 
Figure 6.1.Typical waste tires’ pyrolysis flow chart (Kouei Industries).(87) 
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The principle Pyrolysis’ phases are presented on the table below: 
Table 6.1. The principle phases of pyrolysis process (Fortuna et al., 1997) (88) 
Temperature (°C) Phases of pyrolysis process 
20°C -100°C Mainly a dry phase meant for water re-
moval and vapor formation 
100°C -150°C Starting of thermal degradation reaction 
200°C -500°C De-polymerisation, H2S separation,  
formation of olefin, paraffin 
hydrocarbons and permanent gas. 
500°C -600°C Decomposition of long chain hydrocarbon 
into H2, CO2, CH4 and olefin. 
>600°C Mainly aromatic radical reactions with the 
formation of aromatic 
compounds take place. 
 
As far the different pyrolysis technologies, the process’ conditions and the end product 
yields, these are presented on the following table. 
Table 6.2. Pyrolysis technologies, Process conditions and major products  
                 (Kouei Industries)(87) 
Technology Processing 
Time 
Heat Temperature 
    (° C ) 
Major  
Products 
Carbonization Hours-Days Very Low 300° C -500° C Charcoal 
Pressure  
Carbonization 
15 min – 2 hrs. Medium 450° C Charcoal 
Conventional 
Pyrolysis 
Hours Low 400° C -600° C Char, Oil, Syn-
gas 
Conventional 
Pyrolysis 
5 – 30 min Medium 700° C -900° C Char, Syngas 
Vacuum  
Pyrolysis 
2 – 30 sec Medium 350° C -450° C Oil 
Flash Pyrolysis 0.1 – 2 sec High 400° C -650° C Oil 
Flash Pyrolysis < 1 sec High 650° C -900° C Oil, Syngas 
Flash Pyrolysis < 1 sec Very high 1000-3000° C Syngas 
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6.1.1.a). Pyrolysis’ products. 
As mentioned before, through the pyrolysis process solid, gaseous and liquid products 
are produced, depending on the conditions (temperature, processing time etc.) 
The most important gaseous product is the synthesis gas (syngas), which can be used 
in various sectors, such as chemical industry, fuel production and energy generation.   
According to E. Aylon, R. Murillo et al. (2006), a typical composition of the gas pro-
duced is the following: 
 
Table 6.3. Pyrolysis’ syngas composition (E. Aylon, R Murillo et al.,2006). (89) 
Element Volume (%) 
H2 30.40 
CO2 2.90 
CO 2.38 
N2 9.93 
H2S 1.55 
CH4 23.27 
C2H6 6.20 
C2H4 4.45 
Propane 5.17 
Propylene 2.48 
Isobutane 1.24 
Butane 0.72 
Trans-2-butene 0.72 
1-Butene 0.10 
Isobutilene 7.55 
C2-butene 0.52 
1,3-Butadiene 0.41 
  
The solid residue of the process (char) can be further treated and become a valuable 
product. More specifically, through carbon activation process*****, char can become 
activated carbon. The highly mesoporous activated carbon obtained from waste tires’ 
char is of equal or even greater quality than the commercial and can be used in various 
treatment applications, such as: (a) water purification (dissolved organics and toxic 
compounds, dechlorization, dye removal, municipal drinking water treatment, swim-
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ming pools etc.), (b) air purification (volatile inorganic and organic removal , solvent 
recovery, gas desulfurization, etc.), (c) special application such as batteries, fuel cells, 
nuclear power station, and (d) others such as cigarette filters and food industry. 
 The relevant surface area of the tire-derived activated carbon is ranging from 164 to 
1260 (m2/g), and the pore volumes (up to 1.62 cm3/g).(88) 
The process’ liquid fraction is produced through the condensation step (Figure 6.1), 
and in many pyrolysis processes, the condensate oil is reintroduced into the process as 
a fuel for the generation of heat to drive the thermal decomposition process. The oil 
can also be marketed as a separate product, depending on the amount of additional 
processing required. In most cases, oil derived from the process is similar to No. 6 fuel 
oil, a low-grade petroleum product with some contamination.(66) (67) 
6.1.1.b) Pyrolysis’ environmental impacts. 
In order to evaluate these thermal processes, the potential environmental impacts 
should be taken into account. 
For a process like pyrolysis, air emissions during the operation are of great significance, 
in order to be considered as more environmental friendly, in comparison with other 
methods.  
During the pyrolysis, various air pollutants are generated, including Polycyclic aromatic 
hydrocarbons (PAHs), particulate matter (PM), oxides of nitrogen (NOx), oxides of sul-
fur (SOx), dioxins and furans, hydrocarbon (HC) gases, metals, carbon dioxide (CO2), 
and carbon monoxide (CO). These elements should be captured prior to discharge into 
the ambient air. Especially for the PAHs, according to Shui-Jen Chen, Hung-Bin Su et al. 
(2006), who investigated the PAHs generated during the pyrolysis process and the 
PAHs removal by a wet scrubber, IND, DBA and BaP were found to dominate in the 
scrap tires’ powder, while the PAHs in the carbon black were mainly 2-, 3-, 6-, and 7-
ring PAHs. The mean removal efficiencies of individual PAHs, total-PAHs and high car-
cinogenic BaP+IND+DBA were 39.1-90.4%, 76.2% and 84.9% respectively. The estimat-
ed total PAH emission rate and factor were 42.3 g d-1 and 4.00 mg kg tire-1.(90) 
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***** Carbon activation process: The activation process creates or increases porosity 
on the activated carbon’s surface and there are two different types of activation, phys-
ical and chemical. The physical activation is a conventional manufacturing process of 
activated carbon. The overall process usually consists of two steps: thermal pyrolysis at 
a relatively low temperature (typically 400-700 degrees Celsius) in the presence of ni-
trogen or helium to break down the cross-linkage between carbon atoms, and activa-
tion with activating gas at 800-1000 degrees Celsius, for further development of the 
porosity of tire carbon. On the other hand, chemical activation allows both pyrolysis 
and activation to be integrated into a single, relatively lower temperature process in 
the absence of oxygen. Chemical agents such as phosphoric acid, zinc chloride and po-
tassium hydroxide act as dehydrating and stabilizing agents that enhance the devel-
opment of porous structure in the activated carbon. Between the two methods, chem-
ical activation offers several advantages since it is carried out in a single step which 
combining the carbonization and activation process, performed at lower tempera-
tures, produced a much higher yield than the physical activation, and therefore result-
ing in the development of a better porous structure.(88) 
6.1.2. Gasification. 
As mentioned before, Gasification is a process that converts organic or fossil based 
carbonaceous materials into carbon monoxide, hydrogen, carbon dioxide and me-
thane. This is achieved by reacting the material at high temperatures (>700°C), without 
combustion, with a controlled amount of oxygen and/or steam. The process can take 
place in various reactor types, including fluidized bed reactors, entrained flow gasifiers 
and fixed bed reactors. (66) (67) 
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 A typical Gasification flow chart follows: 
   
 
  
 
 
 
 
 
 
 
Figure 6.2. Typical gasification process flow chart (Kouei Industries).(91) 
 
6.1.2.a) Gasification’s product. 
Through this process, a gas fraction is produced (syngas), which can be used as fuel. 
The fully cleaned synthesis gas can then be conveyed to engines, boilers, or turbines 
for electricity production. Alternatively, the gas can be converted to higher molecular 
weight fuels such as diesel fuel. (66) 
6.1.2.b) Gasification’s environmental impacts.  
The environmental issues that affect Pyrolysis method, do affect the Gasification too. 
As far the air emissions concerned, various air pollution control systems have been de-
veloped, such as the one applied from the Thermoselect company. 
This company uses gasification for primary processing. After completion of the gasifi-
cation stage, the synthesis gas exits the gasifier at approximately 1200° C and flows 
into a water jet quench where it is instantaneously cooled to below 95° C. The rapid 
cooling prevents the formation of dioxins and furans by dramatically reducing the resi-
Waste Shredder 
 
Gasification         
Reactor 
Ash/ Char Air 
 
Landfill/Burnt 
in cement kilns 
Syngas 
Energy (Boiler or 
Cement kilns) 
Gas Cleaning 
Gas Engine 
Flue Gases 
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dence time of the synthesis gas at high temperature. Entrained particles (such as ele-
mental carbon and mineral dusts), heavy metals, chlorine (in the form of hydrochloric 
acid [HCl]), and fluorine (in the form of HF) are also separated out in the quench. The 
quench water is maintained at a pH of 2 to ensure that heavy metals are dissolved as 
chlorinated and fluorinated species, so that they are washed out of the crude synthesis 
gas. Following the quench process, the synthesis gas flows into a demister and then 
into alkaline scrubbers, where the remaining particulates and [HCl] / [HF] droplets are 
removed. (67) 
6.2. SWOT Analysis. 
6.2.1. Pyrolysis. 
Internal 
Strengths Weaknesses 
1. Reduced air emissions, compared to 
incineration process. 
2. High efficiency 
3. Many end products (solid, liquid and 
gas fraction) 
 
 
 
 
 
 
 
 
1. High investment and operation cost 
2. New technology, little commercial 
application 
3. Public’s negative perception 
4. Viability is proven only in large scale 
plants 
5. Air emission control systems are nec-
essary 
External 
Opportunities Threats 
1. Typical Pyrolysis plants are more 
compact, compared to incineration 
plants. 
2. With adequate campaign, pyrolysis 
could be more acceptable, than       
incineration. 
3. Production of high quality carbon 
black, activated carbon, oil and syn-
gas which can be sold. 
 
1. With inadequate campaign, public 
may be opposite 
2. Pyrolysis’ development may affect 
negatively other technologies and 
applications. 
3. Difficult to financing, unstable eco-
nomic environment. 
4. Carbon activation needs further costs 
5. Unproven/ unstable markets for end 
products 
Chart 6.1. Pyrolysis SWOT Diagram 
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6.2.2. Gasification. 
Internal 
Strengths Weaknesses 
1. Cleaner technology than incineration 
2. Can be combined with various other  
    feedstock (municipal solid waste etc.). 
3. Higher efficiency than incineration 
4. Syngas produced can be used in         
    several applications (after cleaning) 
 
 
 
 
 
 
 
 
1. High investment and operation costs 
2. Public’s negative perception 
3. Not proven viable yet 
4. Limited end products (syngas) 
5. Syngas’ cleaning is necessary  
6. Viability of the investment is proven  
    only in large scale plants 
External 
Opportunities Threats 
1. With adequate campaign, gasification  
     could be more acceptable than             
     incineration. 
2. Syngas that produced is considered as   
    a renewable fuel with great prospects. 
 
 
 
 
 
 
 
 
 
 
1. Fully dependent on syngas production   
    and marketability  
2. Adverse economic environment for  
    such investments 
3. With inadequate campaign, public may  
     be opposite 
4. Gasification’s development may 
    negatively affect other treatment       
    methods 
 
Chart 6.2. Gasification SWOT Diagram 
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                7   Conclusions 
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7.1. Conclusions 
Through this Thesis, a complete overview upon the waste tires’ issue in Europe and 
Greece was executed, as well as the possibility of adopting the pyrolysis and gasifica-
tion methods in the Greek used tires’ management scheme was examined. 
In addition to this, the evolution of the globally applied trends presented 
 
As mentioned before, Pyrolysis could be an attractive alternative solution in scrap 
tires’ management. This method demonstrates many high value end products produc-
tion, compatibility with other waste streams (co-generation plants), reduced air emis-
sions compared with waste incineration and capability of treating big waste tires’ 
quantities.  
Despite these advantages, a pyrolysis plant requires high investment cost and the end- 
products need special processing, which is expensive, in order to be marketable. In ad-
dition to this, in the case of Greece, where the annually disposed scrap tires’ quantities 
vary around 40,000 tons, the adoption of a pyrolysis plant may occur a malfunction in 
the entire managing system. A pyrolysis plant needs high waste tire quantities, in order 
to be feasible, and the quantities’ disposed in Greece seem inadequate to cover this 
need. Also, there is an obvious lack of expertise which prevents the adoption of this 
method, because Greece did not adopt a waste combustion – incineration plant during 
the past. Finally, due to the unstable economic environment, investments like that 
seem very difficult to be applied and sensitive to the economic factors. 
As a result, a Pyrolysis plant could be viable only in cooperation with other waste 
treatment, something quite difficult in countries such Greece. 
 
As far as the Gasification method concerned, it also has many advantages which could 
highlight it as an alternative solution in waste tires’ problem. 
First of all, it demonstrates reduced air emissions, compared to waste combustion 
technologies, so it is considered as a clean technology.  
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Secondly, this method is able to treat high quantities of waste tires and to combine 
different waste streams, so the environmental benefits are very high. Finally, the end 
product is a high value one, which is considered as marketable. 
On the other hand, as in the Pyrolysis method, the investment cost for constructing a 
gasification plant is very high, as well as the syngas cleaning process is expensive. In 
addition to this, the end product of this method is only one (syngas), something which 
prevents the wide application of this technology. Also, due to the fact that the gasifica-
tion plant demands large quantities of scrap tires in order to be feasible, a possible ap-
plication of this technology could cause several problems in the entire Greek system, 
similar to the malfunctions caused from pyrolysis.  
As a result, the adoption of the gasification method could be viable only in cooperation 
with other waste streams, and as mentioned before, this scenario is quite difficult to 
be executed in Greece. 
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